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SUMMARY
This study describes the origins of the psychological concept of 
visuo-spatial ability and some philosophical implications. Manifestations 
of the ability in Geography, Chess, Geometry and Art are examined and 
classified by reference to Bloom’s Taxonomy. The classification is 
examined for consistency with a number of visuo-spatial tests and 
definitions are proposed.
An experiment at two age levels (8+ and 12+) is described. This 
employed three teaching programmes all designed to improve visuo-spatial 
ability and centred on:
1. Visualisation.
2. Logical Operations
3. A mixture of both in a school curriculum setting.
Programme 3 is shown to be superior in some respects at both age 
levels. Hypotheses linking the definitions of visuo-spatial ability 
to distinctive psychological processes are rejected after an examination 
of the experimental findings and visualisation ratings obtained from the 
older age group. An almost complete absence of sex differences but 
marked practice effects at both age levels are noted.
Evidence concerning the development of visuo-spatial ability in the 
8-13 age range is reviewed and hypotheses of development based on a 
complex model of processes involved in visuo-spatial ability are formulated. 
The criterion referencing of some test material which is a necessary 
preliminary to the examination of the hypotheses is described. Evidence 
is found to support almost all of these.
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PREFACE
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to the children who tolerated apparent eccentricities.
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Academic Assessment, University of Edinburgh for permission to reproduce 
test material, to Mr. S. Tagg and Mr. Kwang Fuh Lee for their help in 
the preparation of material for the computer, to Dr. I. Macfarlane Smith, 
Professor C. T. Myers and Dr. P. Salmon for advice and to Mr. P. Stringer 
for commenting on the text of the thesis.
QUOTATIONS
•’Expression for me is not to be found in the passion which blazes 
from a face or which is made evident by some violent gesture. It is in 
the whole disposition of my picture - the place occupied by the figures, 
the empty space around them, the proportions - everything plays its part.
Matisse, H. Notes d*un Peintre, 1908.
•’Reality is simultaneously a three-dimensional space, which we must 
examine from three different points of view in order to comprehend the
whole  .....From one point of view we see the relations of similar
things, from the second the development in time, from the third the 
arrangement and division in space.”
Hettner, A. Die Geographie, ihre
Geschichte, ihr Wesen und thre Methoden. 1927.
INTRODUCTION
What is space? It is that in which all things are comprised. More 
significantly for this thesis, it implies extension. Thus points can 
have a relationship in space to each other. The idea of spatial ability 
refers to psychological activity which takes place with respect to the 
relationships of points in space.
In a personal context, to be aware of a relationship in space is 
to experience one of the great modes of understanding to which the 
quotations on the front page allude; others being relationships of time, 
of logic and of emotion. But space and time, unlike logic and emotion, 
appear to belong to an external reality rather than to experiential 
reality. An important psychological question, therefore, is whether the 
characteristics of spatial ability differ from those of logical ability.
A second question, which relates to the first but at a deeper level, is 
where to locate spatial ability between perception and cognition. A 
third question, and a fundamental one, is what relation cerebral activity 
involving space perception bears to the apparently external world.
These questions cannot be overlooked if one is to arrive at a
description of visuo-spatial ability which is to provide the starting
point for a psychological investigation. Visual perception, as distinct
from other sensory modes, is chiefly responsible for personal awareness 
*
of spati&al relationships and it may be useful to point out that the 
experience of visuo-spatial sensory data predisposes one towards certain 
types of philosophical theory about perception. Typically the data is 
non-symbolic, it gives rise to tie forms and shapes of entities and to 
relations between entities in visual space. It not infrequently seems 
to stimulate the use of mental imagery. Such characteristics are conducive 
to the adoption of a modified representative theory of perception such as 
that advanced by Smythies (1956) rather than one which regards perception 
as a function of language and thought e.g. Quinton (1955).
Smythies (1956 p 38) asks how a sense datum can provide veridical 
non-inferential information about the physical object and by way of 
answer postulates a non-symbolic representative mechanism analogous to 
a television screen. His theory is not without its logical difficulties 
as critics like Hirst (1959) have shown but it has several advantages in 
the present context. It does provide a coherent explanation of the 
perceptual processes in general and the perception of non-symbolic 
spatial patterns in particular; it does deal effectively with the relation
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of images to hallucinations; finally it provides a model of perception 
which appears to be compatible with the neural theories of perceptual 
process put forward by Hebb (1949) and his successors. Whilst Smythies 
does not neglect the learning that must precede much adult perception 
he stresses the observation of sense data in the visual field. "No 
arguments based on experience can be used to deny that experiential 
events do have the properties that they may be observed to have” (1956 
p 18). At this point it is sufficient to note that these properties 
include spatial relations to other sense data within the visual field 
so that the field can be regarded as organised into a whole (1956 p 10).
This account of perception provides a context for the description 
of spatial ability which forms the first section of the thesis 
(Chapters 1, 2 and 3). It is argued that both description and definition 
should be based on a range of activities which are generally regarded as 
visuo-spatial. For this reason Art, Chess, Geography and Geometry have 
been selected as examples and the definitions of visuo-spatial ability 
which appear at the end of Chapter 3 are reached through classifications 
of intellectual activities within these areas.
The second section of the thesis (Chapters 4, 5 and 6) is a review 
of recent findings and theories which appear to shed light on processes 
involved in the exercise of visuo-spatial ability. It is considered 
that studies of development following the first appearance of the 
ability could be particularly illuminating - to a greater extent perhaps 
than is the case with logical ability. The basis for this view is the 
impression that most visuo-spatial data is not readily coded. Consequently, 
the level of maturation of elementary capacities e.g. short term memory, 
may well have greater proportionate influence on performance in visuo- 
spatial ability than in other abilities where the results of acculturation 
are of greater significance.
The third section of the thesis (Chapter 7, 8 and 9) is an account 
of experimental work carried out with two groups of children, one aged 
8 years, the other of 12 years. This work was designed primarily to 
test a group of hypotheses related to processes involved in the exercise 
of visuo-spatial ability.
A second group of hypotheses related to developmental effects is 
considered in the fourth and final section of the thesis (Chapters 10
Introduction contd. (3)
and 11) in which the test performances of the two age groups are used 
comparatively to give a picture of the development of visuo-spatial 
ability over the 8 to 12 age range.
CHAPTER 1
THE ORIGINS OF THE CONCEPT
Personal descriptions of the exercise of spatial ability are not 
difficult to find. Although the two quotations given in the front pages 
are from comparatively modem works other examples could be drawn, 
particularly from writers about Art, from as far back in time as 
Leonardo da Vinci. However, for the most part, such descriptions arise 
in the recollection of how the author performed the task of translating 
percept and imagery into graphic form; they were not intended to have 
significance other than in relation to the original stimulus and the 
eventual artefact.
Hettner*s formulation shows how the concept of the ability to handle 
spatial forms can be extended from a description of skilled performance 
to a general scheme for dealing with reality. The relationship of 
philosophy to psychology is such that it now seems inevitable that the 
acceptance of such a scheme would sooner or later bring about an interest 
in the cerebral processes involved in spatial activity. Although Hettner*s 
statement is as recent as 1927 > the line of thought which it represents 
can certainly be traced back to the powerful principle, illuminated by 
the works of Darwin, that Man is causally and indissolubly linked with 
his physical environment.
It was the acceptance of that principle which inter alia led to the 
intensification of interest in cerebral processes which occurred towards 
the end of the nineteenth century. Progress was made in techniques 
invented by Binet and his collaborators and disseminated through his 
journal "L fAnnee Psychologique" which began to appear in 1900. The 
period up to the Pirst World War saw a great advance in psychometric 
techniques which were largely responsible for the development of the 
theory of general intelligence first adumbrated by Spearman (1904).
The fact that this was a general theory - "the Universal Unity of the 
Intellective Function" as Spearman termed it - should not be taken to 
imply that the test material was narrowly conceived. Binet is known to 
have devised some tests with spatial content and a whole set of 
performance tests were used in an extremely perceptive investigation 
by Ruger (1910).
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The origins of the psychological concept of spatial ability 
probably lie in the debate which centred on Spearman*s later theory 
that all intellectual activity could be explained in terms of general 
intelligence combined with an element specific to the activity. The 
legitimacy of drawing such conclusions on the basis of the mathematical 
evidence then available was attacked by Thomson through the pages of the 
British Journal of Psychology (1916, 1919a, 1919b). About this time 
a considerable amount of research was being undertaken on the other 
side of the Atlantic in the Teachers College of Columbia University 
where correlation techniques were applied to results on Mechanical 
Assembly and Mathematical tests. Elsewhere, American army psychologists 
devised the Army Alpha and Beta Batteries, the latter of which contains 
a number of visuo-spatial test elements such as Cube Analysis and Form 
Board. It began to be apparent that some communality existed among 
these tests additional to that attributable to general intelligence.
The earliest published statement to this effect appears in an 
article by Thorndike (1921) following his review of two sets of inter­
correlations derived from results on the Army Beta Battery and another 
group of tests including the Stenquist Skills Test, the Porteous Maze 
test and the Ruger performance tests. "These cases are, as said, 
illustrative rather than evidential but they obviously suggest that a 
♦numbers as content* factor and a *spatial relations as content* factor 
act in a fashion mid-way between nearly complete generality and nearly 
absolute specificness” (Thorndike 1921, p.150).
It cannot be said that this tentative recognition of spatial 
ability attracted much attention at the time. The concept became 
confused with practical ability and the fact that researchers of the 
period, e.g. McFarlane (1925) often used a mixture of visuo-spatial 
tests and performance tests in varying proportions makes their findings 
difficult to compare. The general debate about Spearman’s theory 
continued. In 1927 when his book *The Abilities of Man* was published, 
the original formulation was modified to provide for a group factor of 
mechanical ability but not for a spatial factor. It appears that 
Spearman had found no evidence for the latter following an investigation 
of scores on the Form Board Test (1927 p.228).
However, Spearman’s book was almost immediately followed by 
’Crossroads in the Mind of Man*, (Kelley 1928) which may fairly be
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regarded as the first major statement about spatial ability and its 
development* Kelley reviewed evidence for a group factor from the 
Columbia Teachers College war-time investigation onwards* It cannot 
be said that he found conclusive support for a visuo-spatial factor as 
distinctfcfrom a mechanical ability factor but there can be no doubt 
that Kelley's own investigation was based on material which is comparable 
with that used in more modem spatial tests* He used 'Figure Exercises' 
which required the imaginal turning over and fitting of shapes in two 
forms - as a power test and a speed test with two groups of children 
aged 9 and 13* In the older group both the speed and power tests were 
loaded by a factor (£) which Kelley described (1928, p*109) as 'very 
definitely having much to do with the mental manipulation of spatial 
relationships'* In the analysis of results from the group of 9 year 
old children this factor appeared only on the speed test, and was there 
regarded by Kelley (1928, p.139) as involving the sensing and retention 
of geometric forms. In addition another spatial factor (©) appeared on 
both the speed and power tests and this was considered to be associated 
with the manipulation of geometric forms. Kelley also analysed the 
results of work carried out by Miss G. Kotter with 5 year old children.
The tests employed with this age group were different but included one 
designed to test memory for meaningless forms and another called 'Divided 
Forms' which involved the fitting together of pieces. Kelley found 
evidence for both the € and 0 factors in the results of the meaningless 
forms test and for the 8 factor in the results of 'Divided Forms'. He 
concluded (p.136) that "The manipulation of spatial relationships is 
clearly a large independent factor entitled to its own psychology" and 
that it was present from an early age, probably from birth.
It does not seem necessary to mark every step in the accumulation 
of evidence for a factor of spatial ability, particularly in view of 
the comprehensive review undertaken by MacFarlane Smith (1964). During 
the inter-war period a series of investigations using first the method 
of tetrad differences and later, various types of factor analysis 
produced evidence both for and against a spatial factor which in Britain 
became known as the k-factor, and was regarded as conceptually distinct 
from the mechanical and practical factors described by investigators 
such as McFarlane (1925), Rodger (1937) and Alexander (1935).
The acceptance by some psychologists of a spatial factor demonstrated 
by a statistical technique did not lead to agreement about its description.
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El Koussy's findings (1935) illustrate this point. In this investigation 
a large group factor was found. Comments were also obtained from the 
boys aged 11 to 13 who took part, based on introspection of mental 
processes during the tests. Partly on the strength of these reports 
El Koussy concluded (1935, p.84) that the explanation of the k-factor 
consists in "the ability to obtain and the facility for utilizing visual 
spatial imagery”. However, it appears from the list of tests with 
k-factor loadings that El Koussy had in mind the retention of an image 
rather than its transformation i.e. his construct is identified with the 
first of Kelley's elements (£ ) but not with the second, (B)•
The interpretation of the measures obtained by El Koussy and later 
workers aroused considerable academic discussion. The increasing variety 
of factor analysis techniques which became available in the late 
•thirties and forties* increased the number of view points which could 
be adopted. As Macfarlane Smith showed (1964) there was opposition in 
the first place between some psychometricians who accepted the existence 
of a k-factor which often appears to have an inverse relation to a verbal 
factor and others who preferred to avoid an inverse relationship by 
rotating axes, sometimes eliminating the k-factor by so doing.
At the same time psychological interpretations from those who 
accepted the k-factor are at first sight bewildering in their variety. 
There were those like Macfarlane Smith and El Koussy (at least in his 
earlier work) who stressed the ability to retain an existing percept 
of form "the essential ability involved in working these tests having a 
common group factor is that required to form and retain a clear
impression of a shape or pattern as a w h o l e...... we may describe the
factor as a *form-perception factor1." (Macfarlane Smith, 1937, p.20).
On this basis it would be possible to consider k-factor ability as 
predominantly perceptual rather than cognitive and, indeed, the 
Gottschaldt Figures which were employed by Macfarlane Smith as a Form 
Recognition Test have been widely used in investigations of perception 
(see Vernon, 1970, p.38).
Nevertheless the balance of evidence in favour of a space factor 
being involved in quite complex cognitive activities such as the inter­
pretation of blue prints became sufficiently convincing for Wolfle 
(1940) to describe it as second only to a verbal factor in frequency 
of occurrence in investigations on both sides of the Atlantic. There—
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after a very marked difference between British and American views began 
to appear. In this country the inter-war series of investigations 
continued through the 'forties and led eventually to the construction of 
standardised tests of spatial ability at Moray House and the National 
Foundation for Education Research, albeit without close agreement on the 
nature of the ability which was being measured by them. Macfarlane 
Smith (1964) has chronicled these developments in detail, showing in 
particular how the use of various statistical techniques gave rise to 
various interpretations (Slater, 1940: Drew 1947: Emmett 1949). By the
end of the 'forties Burt (1949) was able to write "The main conclusion 
of recent studies on the problem may provisionally be summed up as 
follows: (i) what may reasonably be termed a 'practical factor' is
undoubtedly discernible by the age of 11, but at that age still
contributes very little to the individual variance; its contribution
increases steadily up to the age of about 15; (ii) after adolescence 
the factor becomes more and more specialized, partly as a result of 
occupational interests and habits; (iii) at almost every age it is 
much more prominent among boys than among girls." Even Spearman who 
had resisted the idea of a spatial group factor for so long eventually 
conceded its presence in some spatial tests (Spearman and Wynn Jones 1950).
American views began to diverge from those in this country, partly 
as a result of Thurstone's studies of perception (1944) and partly as
a result of performance analyses made in connection with air crew
training during the Second World War. As a result ofjthese investigations 
visuo-spatial activity became linked in the view of American psychologists 
more closely with the process of immediate experience and less closely 
with inference and thought. Thus, the task of exploring spatual ability 
took on a further dimension - that of defining relationships to perception 
and cognition.
In Thurstone's large scale analysis of perceptual abilities ten 
factors were extracted and two of these — A and E, were of particular 
interest. Factor A was described as the ability to form a perceptual 
closure against some distraction and to hold a closure against distraction 
(Thurstone, 1944). Factor E is the ability to suppress one gestalt in 
favour of another "freedom from gestalt bindung" as Thurstone puts it 
(1944, p.111). Macfarlane Smith (1964, p.69) makes Factor A equate with 
his version of 'k'. However, Thurstone seemed to regard Factor E as of
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greater general significance (p.111). "Since the reasoning tests of the 
primary mental abilities have significant loadings on the factor E, one 
might wonder whether this factor represents one important aspect of 
intelligence." He also speculated on the possible use of perceptual 
tests in appraising intelligence with the reservation that they might 
be too much influenced by sensory acuity.
A few years after Thurstone's investigation Guilford gave his view 
(1948b) that the space factor could no longer be regarded as an 
irreducible variable and that orientation, vizualisation and possibly 
one other factor had to be considered as separate elements. Three years 
later, writing a monograph in succession to the one by Wolfle (1940),
French (1951) recorded three factors associated with spatial ability - 
a space factor, representing the ability to perceive spatial patterns 
and compare them with each other, a factor of spatial orientation the 
exact nature of which he regarded as far from certain, and a visualisation 
factor.
American psychologists soon recognised the unsatisfactory nature 
of the situation which had arisen and a symposium held in 1951 was held 
with the intention of clarifying the issues. (The contributions were 
printed in Educational and Psychological Measurement 1954). This led to 
the view, which still prevails, that different individuals employ different 
psychological processes in their solution of spatial test items.
However, an important article by Michael et al (1957) takes a 
synoptic view of all the factors suggested by the AAF psychologists,
French and Thurstone and suggests that they might be grouped as:-
SR - 0 Space relations and orientation
Vz Visualisation
K Kinaesthetic imagery
Note that this K is quite different conceptually from the k-factor 
introduced by El Koussy.
Michael et al describe this SR-G factor as "an ability to comprehend 
the nature of the arrangement within a visual stimulus pattern primarily 
with respect to the examinee's body as the frame of reference". (1957 
p.189). This is too general to be of much use and the list of tests 
said to have SR-0 loadings are a veritable rag-bag including dial reading,
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tracing a pathway and matching forms. The Vz - factor is described 
as mental manipulation within a configuration rotating, turning, 
twisting and inverting. This seems clearer than the description of 
SR-0 but considerably narrower than the k-factor of British workers. 
Moreover the description does not appear to correspond with the list 
of tests said to have Vz loadings. This includes the Form Board and 
Pattern Comprehension i.e., matching a solid figure with a pattern 
drawing. K stands for kinaesthetic imagery considered to be necessary 
when placing one’s hands in a given position or deciding in which 
direction a bolt seen from various angles is to be screwed.
This seems to be a convenient point at which to pause and estimate 
the distance which has been travelled towards an understanding of 
spatial ability.
There has been little, if any, discussion of the concept recently 
and the general impression after more than fifty years of research in 
the field is one of disappointment and uncertainty. It seems that all 
too frequently statistics have been offered in place of psychology. As 
Burt (1965) remarked, ’’there is no psychological analysis of the complex 
concept of spatial ability, indeed no definition is offered either for 
this key phrase or for the oft repeated designation ’spatial test*."
It does seem incontrovertible that there are group factors associated 
with the presence of some non-symbolic visual test material but not all 
and there are no hypotheses based on clear definitions or commanding 
widespread support which might separate test material which is associated 
with the group factors from that which is not. Nor are there clear 
characterisations of the group factors. In the case of the k-factor 
there is some evidence (Macfarlane Smith, 1964, p.212) of its occuijjence 
in tests which use symbolic material. If that is accepted, it must 
follow that whilst the k-factor may be measuring an ability often 
associated with spatial material it cannot be measuring one which is 
specific to such material.
Although group factors cannot be linked beyond a peradventure to 
spatial tests or to certain categories of spatial tests it might be 
possible in theory for them to characterise certain forms of mental 
activity. Indeed a number of investigators (e.e., El Koussy, 1935, 
Thurstone, 1944) suggested that visual imagery might be the essential 
criterion. But the factor analysts no longer maintain this position.
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Recent work on naming shapes led Vernon to make the following comment 
"it seems likely that in a complex perceptual situation many observers 
tend to use some type of verbal coding or description to enable them to 
grasp all the details and their significance •••• those who are comparatively 
inept in remembering shape as such may yet utilize the method of verbal 
description to produce an accurate recall of detailed and complex 
material” (Vernon, 1970 p.64). Macfarlane Smith (1964 p.66) agrees 
•'that many pupils who lack spatial ability may find ways of doing some 
tests by verbal methods". The American psychologist Michael considered 
that much of the confusion surrounding the description of spatial 
abilities appears "to arise largely from the fact that different 
individuals employ different psychological processes in their solution 
of test items, even though the items may be of a comparable level of 
difficulty" (Michael, 1954 p.401). In other words some individual 
members of a group might show a variance in test performance attributable 
to difference in ability to visualise; other members might vary in 
performance on the same item according to their perceptual speeds.
Zimmerman (1954a) has put forward a hypothesis relating these factors 
to levels of difficulty.
The logic of the situation presented by the results of investigations 
so far is that the term 'spatial ability' cannot be associated in any 
meaningful way with a single factor or a constant group of factors. If 
understanding is to be advanced it appears that some independent 
definition of spatial activity is required first of all and this is the 
line of approach which will be adopted in this thesis.
However, a body of evidence should not be dismissed because it does 
not offer the basis for a theoretical model. Investigations and discussion 
over half a century have yielded many ideas and a great deal of evidence 
about performance on spatial tests. From all that has been written 
above it is evident that there is some variable which affects performance 
on many spatial tests but is not present in verbal tests and which can 
often be shown to have a bipolar relationship with the verbal factor 
(e.g. Barakat, 1951, Wrigley, 1958, Taylor, 1960). In many investigations, 
although there is some contrary evidence as well, the variable has also 
appeared in tests of geometry, technical drawing and art (e.g. the Oldham 
study quoted by Macfarlane Smith, 1964, Wrigley, 1958, Mycock, 1969).
It also seems that on spatial tests boys frequently achieve markedly 
higher scores than girls, (e.g. Emmett, 1949, Taylor, 1960).
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CHAPTER 2
VISUO-SPATIAL ABILITY IN GEOGRAPHY, CHESS, GEOMETRY AND ART.
This chapter reviews the intellectual activities which are associated 
with spatial material in four very different areas. The primary purpose? 
as was indicated in Chapter l^is to obtain a valid basis for a working 
definition of visuo-spatial ability* However, this is unlikely to 
provide an adequate description of spatial activities any more than a 
definition of reasoning provides an account of logical activity. In 
separating visuo-spatial ability from the content ot which it is applied 
it is, therefore, useful to seek to establish a taxonomy of spatial 
activities as well as a definition which separates spatial ability from 
verbal ability, musical ability and so on. It should be noted at this 
point that although there is no existing taxonomy specific to spatial 
activities relevant classifcations appear, in a developmental form in 
books on the concept of space (Piaget and Injjjelder 1956) and the concept 
of Geometry (Piaget 1960), together with Guilford’s Structure of 
Intellect model (Guilford 1967).
Spatial Ability in Geography
Geography has always been notorious for lack of an agreed 
philosophical underpinning and never more so than today. However, most 
geographers agree that their subject has much to do with space although 
they may no longer be satisfied with Hartshorne’s view that "geography 
depends first and fundamentally on the comparison of maps depicting the 
areal expression of individual phenomena, or of interrelated phenomena" 
(Hartshorne, 1939 p.463) or that "the study of things in association in 
area" (Wrigley, 1965 p.13) is what Geography is about.
It is not the purpose of this section to discuss what geographers 
think their subject is about except to remark,that, unlike the other 
fields which have been selected or could be selected to exemplify spatial 
thinking as a means to knowledge, many attempts have been made to 
demonstrate its special position in Geography as a whole. Certainly 
spatial thinking is all pervasive in the subject; it can be considered 
here in relation to perception, concepts, description and inference.
The rise of perceptual studies in Geography in recent years has 
resulted from the distinction which has been drawn between the phenomenal
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environment implied in the quotation from Hartshorne and the behavioural 
environment as perceived by an individual and amounting to a personal 
interpretation of space. One of the classic works in this field is by 
Lynch (1960) in which he constructed maps of the perceived centre from 
information collected from interviews. Lee (1963) showed how neighbour­
hoods might be defined by asking people to outline them in terms of their 
own perceptions. One recent example is shown in Fig. 2.1 (Insert 2A) 
which was constructed by asking residents in streets with various traffic 
loadings what they considered to be the extent of their home territory. 
(Appleyard and Lintell, 1972). As can be seen the most immediately 
important application of this approach is in planning but it would be 
true to say that spatial techniques to process the data are still in 
process of development e.g. Gould and White (1974). Two forms of spatial 
ability seem to be inherent in studies of this kind; one for which the 
criterion would be successful synthesis by the geographer or planner, the 
other being acuteness of perception by people who provide the data.
These criteria are not to be confused with the factors which affect 
perception such as order and aesthetics in the case of planners and a 
predilection for clutter, variety and a moderate noise level on the part 
of the public.
As indicated earlier in this chapter concepts of space have received 
a good deal of attention since the work of Piaget and Inhelder (Piaget 
and Inhelder, 1956, Piaget, 1960). Descriptive topology has provided 
the basis for new thinking; for example, the relationship of boundaries 
to objects which they enclose. The adoption of missiles as weapons of 
war mean that the area of a country depicted on a map can be regarded 
as one side of a three dimensional object, the interior of the object 
being underground (Bunge, 1966 p.110). Projection is another concept 
which has returned to prominence following Tobler*s work (see Harvey,
1969 p.223) on methods of preserving variables e.g. population density 
at the cost of distorting terrestrial space Euclidean concepts, notably 
the system of location by co-ordinates have long held sway in Geography 
and short distance navigation though they appear to be less appropriate 
for some of the new techniques. Scale, direction and distance are so 
fundamental that comment does not seem necessary.
Turning now to descriptive Geography, it appears that some form of 
spatial ability is required for the conversion of data into a map form 
and for the translation of mapped data into other spatial forms. A map
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Insert 2A
represents among other things, the location of objects in space. A map 
based on Euclidean geometry represents locations in physical space, it 
may not be a satisfactory representation for objects in socio-economic 
space. Maps can also be drawn to represent relationships either at a 
point e.g. density or in space e.g. part hinterlands. They can also 
depict movements e.g. traffic flows. All these types of spatial 
representation are being challenged as the basis for geographical analysis 
by mathematical techniques so that a great deal of material is no longer 
mapped in the spatial sense except for illustration. Pig. 2.2 illustrates 
this point. Some spatial properties possessed by maps have so far eluded
ALTERNATIVE APPROACHES TO GEOGRAPHICAL PROBLEMS
PERCEPTUAL
EXPERIENCE
mteipretcition
t\V
GEOGRAPHIC
PROBLEM. j _
direct
•jpprcnch
I
SOLUTION TO 
GEOGRAPHIC 
PROBLEM
translation
translation
[m a t h e m a t ic a l
'LANGUAGE
[MATHEMA'iiC/M. 
! MANIPULATION
J m a t l il m a t ic a l
“ [ c o n c l u s io n s
Fig. 2.2
(Harvey 1969)
adequate mathematical treatment; they include the homogeneity of a 
distribution i.e. the degree to which two discrete populations are mixed, 
orientation of an irregularly shaped object, shape and pattern.
Consider the following *0* level question. "Give a grid reference 
from the map for the power stations shown on a photograph of the map area.” 
The process required is a transformation for the purpose of improving 
spatial description. Simultaneously it abstracts information which is 
already in spatial form. The use of co-ordinates makes it possible to 
convert the locational part of the information into mathematical form if 
necessary. Direct spatial transformations to improve the presentation of 
data are, however, still very common in Geography. As in the example 
cited they may take place from photograph to map, from map to section,
(or block diagram or even picture). Most often the transformation is 
from map to map as when the distribution of a number of discrete individuals
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is generalised to a shape or the basis of the map is changed from 
Euclidean space to area proportionate to say, volume of trade.
Causal relations cannot be deduced directly from spatial patterns. 
Spatial coincidence shown on a single map or by overlays is often 
suggestive of a relationship but other means have to be employed to 
ensure that a relationship other than spatial coincidence can exist.
To go further means the adoption of an explanatory model, possibly within 
probability theory, possibly causal.
Spatial Ability in Chess
A Venn diagram appears to demonstrate a spatial relationship but in 
fact it constitutes a spatial symbol representing a non-spatial logical 
relationship (of the spatial paralogic described by De Soto et al, 1965). 
In vector theory, spatially based methods of computation are extended to 
non-spatial problems. In chess the situation is almost reversed. A chess 
piece in play has two interacting functions. In the first place it is a 
symbol which represents a spatial valency - a valency which in the case of 
bishop, rook, queen and king can be defined by direction and distance 
within the restriction of the chess board. For knight and pawn the 
valency can only be defined by connectivity - a branch of graph theory 
which is being increasingly used in Geography (Bunge, 1966 p.108). In 
the second place the chess piece is a non-symbolic point in chessboard 
space. Its relationship to other pieces on the board is therefore defined 
by
(a) Friend or foe
(b) Valency/connectivity
(c) Location
The game of chess is perhaps the closest approximation to pure 
spatial activity observable in real life. It owes this characteristic 
partly to the fact that it i£ a game so that the object is at least partly 
removed from the outcome to the pleasure of playing. In most activities 
the stress is placed on the need to arrive at a conclusion and to evaluate, 
the latter activity invariably requiring the use of a language.
However, it seems that no game can operate without a linguistic 
definition of an object or terminal point. To that extent, chess is not
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wholly spatially directed activity although it is also true that the 
quality of spatial activity achievable goes far beyond the modest level 
of verbal understanding required to set the game in motion. It is note­
worthy that the improvement in chess performance is often carried out 
most quickly by the verbal statement of heuristics. For example, it is 
possible to identify independent goals such as the following: (Newell
Shaw and Simon, 1958)
1* King safety
2. Material balance
3. Centre control
4. Development
5. King - side attack
6. Promotion of pawns
in order of priority. Evidently the verbal process can be taken further 
and indeed, has to be taken further for computer programming. Miller, 
Galanter and Pibram (1960) have shown how a sequence could be worked out 
in terms of two sub-plans, one designed to generate moves, the other to 
evaluate them, using the goals above as criteria.
Now, it is certainly the case that all chess players carry out 
some evaluation consciously and verbally and there are situations, 
particularly in the end game where it is possible to make a verbal 
comparison of step by step sequences. But chess thinking is typically 
non-verbal - "The chess player is concerned with moves on the board, 
with movements and manoeuvres, with spatial relationships and with the 
dynamics of "threats, and control - all of which can be objects
of perception imagination, and thought, without any dependence on verbal 
formulations and concepts” (De Groot 1965 p.335). These points are well 
illustrated in the test position shown with De Groot's discussion in 
Insert 2B, Fig. 2.3.
The question of what kind of thinking is being described is not 
easy to answer. Chess playing certainly includes inductive thinking of 
the sequential type since this is the way in which the heuristics described 
above are derived. But the notions of moving towards a prescribed goal 
and formulating plans rather than explanations are different from the 
features usually associated with induction. It seems preferable not to 
relate chess playing to a logical classification but to view it as a 
generative mode of thoughtcomparable with that described as ‘lateral
- 13 -
j. j iin jjvjoinun jUL.H.iuj jn u u iu in j « ^ .u u a j _
his Jast m ove  ( . . .Q -N 3 )  B la ck  has crea ted a ‘ h a n g in g  p o s it io n ’ lo r  his 
B ishop on  K a : i t  is de fended o n ly  by the  exchangeab le  K n ig h t  on 
0,4 so th a t  the  B lack. K n ig h t  on  B3 is somewhat, lie d  do w n . T h e re  
are a ll sorts o f  exchange poss ib ilities  in  the  cen te r, an d  the  question  is 
w h e th e r o r  .no t i t  is possib le fo r  W h ite  to  p ro f i t  fro m  the ta c tic a l 
weaknesses in  B la c k ’s p o s itio n . I f . n o  such p o s s ib ility  sho u ld  exist. 
W h ite  c o u ld  best s tre n g th e n  his p o s itio n  w ith  some ca lm  m ove.'
F ro m  a th o ro u g h  analysis, how ever, i t  appears th a t W h ite  is in  a 
p o s it io n  to  ge t the  b e tte r o f  i t ;  the re  is even, a fo rced  w in . T h e  w in n in g  
m ove is i.B x N /5 .  A f te r  i .B x N /5 ,  i . . .N x B  is show n to  be u n p la y a b le  as 
fo llo w s :
( i .B x N /5 ) ,  N x B ? ; 2. N x N  w ith  an  a tta c k  on  the  Q ueen  so th a t 
B la ck  m u s t im m e d ia te ly  take ba ck : 2 ...P x N ; 3 .B xB  w in n in g  a piece. 
(W h ite  m u s t n o t choose the  w ro n g  o rd e r to  exchange on  Q 5 , h o w ­
ever. I f  i .N x N ,  th e n  1... N x N  fo llow s an d  th e  ta c t ic a l tens ion  in  the  
cen te r is d iss ipa ted . E .g ., i .N x N ,  N x N ;  2 .B xN , a n d  B la c k  saves h im ­
se lf th ro u g h  2 ...B x B /N .)
N o r  does re c a p tu r in g  w ith  the  B ishop  h e lp  a fte r  i .B x N /5 :  
( i .B x N /5 ) ,  B x B ; e .B x N , B x B ; 3 .N x B , PxN; 4 .N -Q 7  w in n in g  the  
exchange.
■4' W e W i.'//>£ W 3 '///j.
Z/'K'/A r ZAXt/.V, r* ///; ■-,'/// «if lipi if ipt wm/A. V/Z/A ^
i p  Wmt
'A'//////, YV////A"/A'% WMA ^
VA////A
wm. mm
'//A,//.
4“ i'W
//AAA
m
WM
i n
POSITION A
While on move
Fig. 2.3
T h u s  B la c k  m us t re ca p tu re  w ith  th e .P a w n : ( i .B x N /5 ) ,  PxB. B u t 
n o w  the  K n ig h t  011 K B 6  is im m o b iliz e d  and  the B ishop  on  Q B 6  no 
lo n g e r has an  open d ia g o n a l. W h ite  can, fo r  ins tance , co n tin u e  w ith  
2 .Q -B 3  an d  have  a s u p e rio r po s itio n .
F o r the  g ra nd m as te rs  these cons idera tions w e re  a lre a d y  su ffic ie n t 
to  p la y  the  m ove i .B x N /5 ;  fu r th e r  analys is  was superfluous. T h e  
m ove does lead  to  a fo rced  w in , how ever, as can  be show n w ith  the 
fo llo w in g  v a r ia n ts :
i.B x N /5 ,  PxB; 2 .Q -B 3 , Q - Q r  (or 2 . . .K -N 2 ;  3 .N -N 4 , N x N  -  on 
3- Q - Q i follows q .B -R G ch etc. -  q .B xB , K l l - K i ; 5 .B -B 5 and  G .Q xN ) ;
. 3 .Q R - K 1 ! N o w  B la c k  s t i l l  can no t free h im s e lf o f  th e  p in , fo r  a fte r 
3 ...N T V 5 ; the re  fo llow s  4 .B -R 6 ! N - N 4 ! ;  5 .Q -N 3 , R - K i ; 6 .N x B , P x N :
7.BxN, B x B ; S .R x R c h , Q x R ;  g .Q x B  w in n in g  a p iece. A n d  on o th e r 
K n ig h t  m oves 4 .B xB  an d  5 .N x B  fo llo w , also w in n in g  a piece. T h e re ­
fo re  B la ck  m ust do so m e th in g  else, e.g. 3 .. .R -K 1 . B u t the n  the  K n ig h t  
on-BG can no lo n g e r m ove  so th a t W h ite  can q u ie t ly  s treng then  his 
po s itio n , fo r  exa m p le , w i th  4 .R -K 3  and  K R - l v i .  O r  he can even
w in d  u p  im m e d ia te ly  w ith  q .N x B , R x N  (on 4 . ..P x N  fo llow s g .R xB  .
an d  G .B x N ); g .R x B  (a n y w a y !)  Q x R ;  G .NxP, N x N ;  7.B.XQ, N x Q ;
8 .P -Q 5  an d  w ins.
T h e  p o s it io n  is thus  ‘o b je c tiv e ly  so lvab le ’ ; the  analysis bears ou t 
th a t W h ite  can  w in . T h is  does no t m ean, how ever, th a t the  p la ye r 
a t the  b o a rd  is ab le  to  f in d  the. forced w in . A s a m a tte r  o f  fact the 
re le va n t v a r ia t io n s  a re  n o t easy to f in d  and  a rc  ra th e r  deep. O n  the 
o th e r h a n d  a .c o m p le te  analysis is no t needed in  o rd e r to decide on 
the  cho ice o f  the  best m ove , i.B x N /5 .  F o r most o f  the less p ro m in e n t 
p layers the  re a l d i f f ic u lty  d id  no t lie  in  the d e p th  o f  c a lc u la tio n  bu t
ra th e r in  th in k in g  o f  se rious ly  cons idering  a m ove th a t exchanges the (De Groot iQf r ) 
‘s tro n g ,’ ‘a t ta c k in g ’ B ishop on R e fo r a. K n ig h t.  In  m a n y  o f  the  ^
p ro toco ls  o f  w eake r p laye rs  the  m ove i.B x X /5  no t even m en tion ed .
thinking' by de Bono (1967).
As a modern contribution to the analysis of thought is chess the 
work of de Groot (1965) is pre-eminent. It is, however, instructive to 
recall the work of Binet (1894) on the use of memory and visual imagery 
by blindfolded chess players. Binet concluded that the ability to play 
blindfolded depended on -
1. Knowledge and experience
2. Imagination
3. Memory
In his conclusions Binet did not make a clear distinction between 
imagination and memory. He did distinguish between 'abstract memory' 
used in play and the recapitulation of the course of a game. The report 
of an attempt by one of Binet's subjects, Dr. Tarrasch, to show how abstract 
memory is related to an actual position on the board causes de Groot to 
comment that "The squares of the board,, have no colour, have only vaguely 
defined boundaries and are only incompletely present. Only the numbers 
resulting from the King's trying to catch the onrushing Pawn are given.
The pieces themselves do not appear on the drawing: rather the lines of
force that go out from them and that schematically represent their dynamic 
possibilities.” (1965, p.6). The imagery here can be said to be visual but 
only partly representational and it owes as much to cognition as to 
perceptual elements; in this case derived from touching and moving the 
pieces instead of seeing them.
The exceedingly complex spatial situation at any given point in a 
game of chess and the enormous number of actual and eventual changes in 
relationships which can be produced as the result of one move ensure that 
decisions are based on necessarily incomplete evidence. The player may 
be conscious of a high likelihood that a decision is a good one but there 
is usually ample room between stated criteria and the point of decision 
for what de Groot (1965) calls 'intuitive completion.' The area which 
this occupies may range from the minimum where the player can state that 
he is conscious of 'knowing that' as well as 'knowing how' to the point 
where the move is made more or less automatically and awareness of how 
it is linked to the position is missing.
In describing thought in chess the distinction can be made between, 
on the one hand, analysis of the existing position leading to solution 
proposal and,.on the other, striving for logical confirmation that the
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preferred move is the right one - De Groot (1965) divides analysis into 
an initial investigation of the position followed by a deeper analysis 
of possible choices giving three stages
I Provisional investigation leading to solution proposals 
II Analysis of possible solutions 
III Logical argumentation
These stages can be compared with the process of proof in geometry 
where the solution to a problem is often discerned intuitively, i.e. 
thinking one knows how to proceed. The formal proof follows. In some 
situations in chess Stage III can be completely worked out but usually 
it provides only partial confirmation of an intuitive solution.
For the sake of establishing continuity with later chapters it seems 
useful to apply Guilford's Structure of Intellect model to thought in 
chess with the proviso that in this context it is an entirely artificial 
classification unsupported by factorial evidence. For this purpose the 
content is treated as entirely 'figural although strictly that is not true; 
as indicated earlier in this section, the content is partly symbolic and 
partly figural although the information employed at the point of decision 
is -all figural.
The study of a chessboard situation implies the cognition of figural 
implications (CFD but the fundamental difference between a master and a 
novice, in this respect is a memory for figural implications (MFX), that 
isythe recollection of events which in previous games or in standard 
gambits follow the given situation. At the stage when he first searches 
the board, the chess master will therefore reduce the situation to a 
category, concentrating his attention on the ways in which it differs 
from the classic example. De Groot (1966) has shown that chess masters 
are enormously better than weaker players in being able to reproduce 
the state of the board after only 5 seconds exposure and that this 
facility is not due to the superiority of their visual memory. It is 
best explained in terms of a more sophisticated coding system. A move 
will be decided, partly by relation to a known sequence, partly by the 
evident peculiarities of the actual situation. But, the consequences 
arising from peculiarities cannot be fully determined and as the game 
develops and variations from known gambits widen the proportion of 
uncertainty tends to increase. The process of thought in generating a
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move, therefore, seems to he somewhere between the convergent production 
and divergent production of figural implications. (NFI and DFl). Here 
weakness in Guilfordfs scheme reveals itself. For his so-called 
‘operations1 are defined in terms of the stimulus rather than the process 
of thought itself and where a distinctive process cannot be ignored it is 
confused with the stimulus. Thus divergent production is used to describe 
both problems with a number of possible solutions and trial and error 
thinking in any context. (Guilford, 19^7» p.214). Problem solving in 
situations where the area of uncertainty is present but can be limited 
are not easily described within the Guilford scheme.
What the scheme seems to require is an additional operation - 
transformation. The word itself implies a process and it is difficult 
to find a better description of the mental search for the best combination 
of spatial relationships which is involved in consideration of possible 
moves. The part played by visual imagery in the process of transformation 
(as distinct from analysis) in chess is not known. McKellar (1968 p.124) 
describes how games of chess have been played without a board by using 
eidetic imagery but this is usually static land would represent the 
situation on the board between transformations. Success in chess, however, 
depends on the assessment of relationships and, as indicated earlier in 
this section it is not certain that this is best achieved through visual 
imagery.
Spatial Ability in Geometry
A number of studies which showed modest correlations between spatial 
tests and geometry are reported by Macfarlane Smith (1964 Chapters 4 and 5) 
but perhaps the results of Wrigley*s research (1958) is the most important 
in this connection. Wrigley was critical of earlier investigations in 
which the so-called geometry tests were merely spatial tests and set out 
to design one "to measure the sort of geometry actually taught in British 
Grammar Schools" (p.75). This test was included in a battery with fourteen 
other tests, among which were N.I.I.P. Group Test 81 and the Moray House 
Advanced Space Test. Wrigley subjected the results obtained from large 
scale testing of children aged 13-16 to factor analysis and claimed that 
the results provided convincing evidence for a connection between geometry 
and a spatial factor. It seems probable that the spatial factor which 
Wrigley identified was correctly described since it had loadings exceeding 
0.5 only on the Moray House Space Test, N.I.I.P. 81 and a non-verbal 
test. The loading on the geometry test was no more than 0.17 which is far
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failed to find such evidence (Murray 1949)*
Euclidean geometry tends to suggest some distinctive ability concerned 
with space because of its emphasis on drawings and abstracted forms.
Attention was drawn in Chapter 2 to the distinctive character ascribed to 
spatial images by Piaget and this extends to cognitive activity "spatial 
operations (displacements, projections, etc.) are .... figurative trans­
formations and so, in a sense, figures in space.” (Piaget and Inhelder 
1969 p. 136). TJnlike a map which has a high degree of informational 
correspondence with what it depicts but does not resemble it, a geometrical 
drawing is nothing but itself and the image of it which can be generated is 
isomorphic. Given that the image is capable of mental manipulation it seems, 
prima facie, that geometrical problems may be solved by visual transformations. 
In that the image presents data simultaneously (unlike the step by step 
procedure of deductive argument) and reveals a structure5there are theoretical 
advantages in its use as shown by Pig. 2.4 (insert 2C)*Skemp (1971) makes an 
interesting comparison of the visual and logical systems. However, for the 
exponent of the visual system, there remain the problems of setting the process 
in motion and of communicating the results.
Enough has been written about the natures of geographical thought to show 
that it is rooted in empirical observation. In the sense that a game of chess 
is an artifical situation it cannot be an empirical study but is a contrivance 
to simulate one. Is the situation in Geometry one in which thought is based on 
empirical observation and, unlike Geography, capable of being extended to the 
final conclusions by spatial transformations? There is no doubt that thought 
in topology is rooted in perception and that concepts of proximity, enclosure, 
separation are based on handling and seeing objects (Piaget and Inhelder, 195^) 
as indeed are the concepts of shape and symmetry. Following Piaget*s 
interpretation of development a child proceeds from topology to the Euclidean 
space concepts of angles and parallels and then, over the same period, to 
projective concepts and further Euclidean ideas such as frames of reference, 
and the conservation of length. Similar views are expressed by Skemp (1971 
Chap. 15)* It should be remarked here that the crucial feature of this 
development for Piaget and his followers is the acquisition of concepts and 
logical thought in general, not the learning of an Euclidean interpretation 
in particular.
Eecent investigations have become increasingly critical of the logic 
based criterion which Piaget uses to judge cognitive activity in this 
area. Braine (1969) points out that Piaget *s account depends on the 
postulate that intellectual processes are isomorphic to definitions of
logical operations but that his experimental procedures do not provide an
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USING IMAGERY IN GEOMETRY
H e w  docs the ‘ pu re ly  v isu a l' approach cope w ith  m ore  com ­
plex p roofs? Space m ust lim it  us to  one fu rthe r exam ple; a p ro o f 
o f  t iiis  m ere gene/a! theorem  already referred to.
Theorem
Proof
nr
/
Is th is clearer than a verbal-algebraic p ro o f ( fo r  w h ich , see any 
tra d itio n a l school geometry text); o r is i t  another case o f  ‘ lo o k , 
boys, 110 hands’ -  th is  tim e, no w o rds? ;'
'ig„ 2 e4
Skemp (1971)
Insert 2C
adequate test. In particular it is questionable whether conceptual 
development in children can be established by means of verbal communication 
when large differences in ability to verbalise are known to exist.
However, the criticism does not end there; the question which Braine 
raises is the fundamental one of whether the idea of logical operations is 
essential to explain the cognitive activities of children in relation to 
spatial material. Braine makes the convincing point that to identify a 
new object by two or more attributes perceived in previous situations is 
not the same as conjoining classes but is an altogether more primitive 
activity which does not entail a general idea of ’class'. He also 
suggests that 'a child's measuring behaviour may reflect his knowledge 
of measuring technique as much as it does his ability to reason logically 
about length' (Braine, 1969 p.171). Where Piaget interprets ability to 
conserve the length of a zig zag line in terms of an additive operation, 
Braine suggests "an increase in skill in visualising” (p.172).
Now, although Braine bases his findings on a limited group of 
experiments with children aged up to 7, his contribution is extremely 
important. For he relates Piaget's formulation of levels of development 
to factors derived from perceptual learning and suggests that the effect 
of these may well conceal the reasoning ability of many of the children. 
Braine speculates (p.201) "that the distinction between the operation of 
the class and spatial interpretation of the logical calculus in Piaget's 
theory might provide a theoretical basis for the verbal and spatial 
factors usually found by factor analysis”.
The scarcity of articles which build a bridge between the formulation 
of Piaget and those of modem perception theorists is one of the major 
difficulties in the construction of hypotheses about spatial ability.
As the Gibsons have shown (Gibson and Gibson, 1955) it is perfectly 
possible to construct a theory of perceptual learning to account, inter 
alia, for shape discrimination and classification without requiring the 
concepts of memory and imagery. This theory assumes that the stimuli 
now available to us contain all that is required for the percept and 
that to improve our discrimination^practice but not memory is required. 
Since the Gibsons based one of their investigations on meaningless shapes 
in which certain features were varied, their work seems, particularly 
relevant to geometry. Dodwell (1964) has pursued this theoretical approach 
further and has devised a system incorporating a theory of shape classi­
fication which is self organizing in terms of regularities in the perceived
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environment.
So far the discussion about spatial ability in geometry has centred 
on empirical work with young children. To pursue it further entails the 
introduction of philosophical considerations. For, despite appearances 
to the contrary e.g. geometrical figures and the origins of the subject 
in physical measurements, geometry is independent of physical science.
It has been demonstrated by many philosophers since Russell (1912) that 
geometry is simply an example of logic in which the postulates imply the 
theorems. The truth of the postulates cannot be considered self evident 
and indeed there are different sets of postulates for different systems 
of geometry e.g. Riemannian as well as Euclidean. Consequently geometry 
cannot demonstrate the characteristics of geometrical figures or of 
spatial properties until a meaning has been assigned to the primitive
i.e. basic concepts (Hempel, 1949).
The discontinuity between the empirical/perceptual basis of geometry 
and the higher branches of the subject is of major theoretical importance. 
It means, for example that the logical and imaginal transformations 
exemplified by Fig. 2.4 have no immediate relation to each other, other 
than that of proximity. The latter transformation is derived directly 
from perceptual activity, the former is a logical technique, to which 
the contribution of perception is at several removes and probably mediated 
by language.
So that analysis of geometry leads to descriptions of two types of 
developed spatial ability. On the one hand it is the application of 
logical operations to spatial material with geometry as the type example. 
On the other it is a bundle of skills associated with the perception of 
form and space and ranging from discrimination to transformation.
It may well be that in school geometry, which is largely Euclidean, 
thought is most productive where both types of spatial ability are in use. 
It can be presumed that the visualization of transformations facilitates 
the exploration of a problem presented in visual form or converted to it 
before deductive logic is used to confirm the argument. Notice that in 
this example the visualization performs an essentially inductive function 
not unlike the exploration of a chess board or a map. If Braine's 
tentative conclusions are accepted the mixture of perceptual and logical 
activity is much more intimate than that described above and other types
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of learning such as vocabulary and measuring have to be taken into 
account.
Spatial Ability in Art
It might fairly be argued that art is all spatial ability. There 
will be no agreement about the analysis of such a co-axial relationship. 
Some structure must be imposed if the argument is to penetrate a maze 
of personal and overlapping concepts. As a beginning spatial ability in 
art can perhaps be separated from its counterpart in craft.
"The distinction is usually drawn that whereas the mere 
craftsman works to a pattern or specification, or at 
least to solve a precise problem, such as how to carry 
water of a certain volume to a certain spot, the creative 
artist does not know how his creation will turn out till 
it is completed but then sometimes sees that it is good.
He may know that he wants to express a feeling, but till 
he has expressed it to himself he only feels it, he does 
not, so to speak, appreciate or discriminate it; he is 
troubled or exhilarated as an animal or child may be; he 
is like the awakened dreamer who can often only tell that 
his dream was horrible or gracious or somehow oblique, 
but not what it was. The line is hard to draw, for some­
thing of the same kind seems true of the solution to a 
new problem in pure mathematics or geometry. Yet it 
remains a fact that artistic creation discovers its aim 
only, if ever, in the achievement, which may or may not 
require the aid of some material upon which to experiment 
and record, such as paper, wax, a pipe or a piano. But 
once this internal expression has been perfected, its 
communcation, however difficult or impossible, would be 
a matter of craft; we should know already what it is 
required to do. So then for the production of what is 
commonly called a "great work of art” two distinguishable 
qualities seem required, though we may think it probable 
that they usually coincide; imagination or inspiration 
and craft or technique, a distinction which has sometimes 
also been misleadingly indicated by the opposition of
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genius to taste. A man of great imagination may remain 
mute or inglorious, a man of exquisite technique may 
remain a mere imitator, or, worse still, an originator 
of uninspired works."
(Carritt - p.62)
Carritt's concern is to distinguish art from craft. He also implies 
another distinction - that between unconscious and conscious cognition, 
both in inspiration and in craft. Unconscious intuition in art has at 
times been accorded absurd adulation but there is no question of its 
practical importance both in the achievement of artistic production and 
as an experimental difficulty for researchers in the psychology of visual 
arts.
Evidently there is a whole group of spatial abilities associated 
with techniques and as drawing, painting, moulding and carving which 
cannot be brought into the present discussion. Can it, therefore, be 
held that spatial ability is an essential ingredient in the whole of the 
remainder of the artistic process which Carritt characterises as 
inspirational? Again, there will be no agreement but for the purpose of
this thesis it can be argued that spatial ability is not involved in the
infusion of expression although it will certainly be involved in the 
execution of ideas containing expression. Expression, however is the 
outcome of the emotional experience, the feeling state; lying in a 
dimension of living experience distinct from those of space and time on 
which perceptions are plotted.
It is often maintained, however, (e.g. Read, 1931) that expression
is a necessary condition for art. If this is so, can spatial ability,
other than through its presence in craft techniques have a relation to 
art at all? Note that expression is a necessary but not a sufficient 
condition for artistic production; it rests also on perception and on the 
arrangement of shapes in such a way as to give pleasure and perhaps to 
merit the description 'beautiful*. Clearly there is room for spatial 
ability here and though one might join issue logically over Carritt's 
comparison of the desire to express feeling with the intuition of a 
solution in geometry it is of psychological significance that he 
associates the two experiences.
From this point it seems practicable to make a direct comparison 
between the theoretical dynamics of spatial ability in art and those
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which have already been discussed in relation to geography, chess and 
geometry. For, as Read remarks (1931 p.16) "the sense of beauty is 
satisfied when we are able to appreciate a unity or harmony of formal 
relations among our sense - perceptions”. Thus he postulates a special 
case within the general argument that ”any sense datum within the visual 
field during any specious present bears spatial relations to all other 
sense - data within the same visual field during the same specious 
present” (Smythies, 1956 p.110). The problem for the artist (pace the 
question of expression) is the arrangement of perceptions into pleasing 
shapes and patterns. This process seems entirely analogous with that 
by which the mathematician seeks for an appropriate spatial transformation 
in geometry, the chess player for the best move and the geographer or 
physical planner for a spatial hypothesis.
In all these instances it is difficult in practice to separate the 
process of perceptual search from the cognitive activity preceding 
production. Certainly some parts of both processes are intuitive, i.e. 
below the level of full consciousness although, as Carritt indicates^ 
making the person aware of something going on. Equally certainly some 
parts of the processes, the proportion probably varying from person to 
person, are above the level of consciousness and subject to control and 
evaluation. It is a reasonable assumption though not demonstrable 
empirically that the "talented artist is quite capable of modifying at 
will the way in which he organizes and portrays his subject” (Skager, 
Schultz and Klein, 1966 p.360).
It is also reasonable to assume that the artist can learn, not only 
the techniques of his craft but also how to code his percepts and organise 
his insights. If he is exposed to particular kinds of experience his 
learning, including his spatial abilities, can be shaped. If his learning 
is conscious he can subject himself to experiences which he considers 
appropriate. Unfortunately remarkably little has been done to investigate 
the learning process in art and the question has often been clouded by 
pseudo-moral precepts as to how "one ought to paint and design”.
Possibly the strongly held individual opinions about what is good art 
account for the paucity of attempts to measure ability in art and correlate 
it with other scores. Work over the years in this area has been summarised 
by Allison (1970) and of the investigations to which he refers only one 
reported by Burkhart (1958) shows a substantial correlation between an 
artistic skill - drawing - and a measure of spatial ability - performance 
on the Kohs Block Test. Recent work has mainly been concentrated on
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aesthetic judgement in relation to artifacts. Some of the measures used 
(e.g. Child, 1965) may indicate possible criteria for types of cognition 
used by the artist but Child’s investigation in particular was directed 
at factors influencing aesthetic judgement of existing pictures by under­
graduates. There is very little evidence other than descriptive material 
based on the analysis of painting.
If one examines the lists of elements in artistic perception and 
production made by Arnheim (1956) or Read (1931) it is evident, not only 
that there is a fair measure of agreement but also that the use of most 
of the elements e.g. line, forms, light and shade, colour must owe something 
to the exercise of spatial ability other than craft technique. Arnheim, 
in particular^ claims that the appearance of certain common structural 
features e.g. triangles and the groupings of objects are a function of 
perceptual organisation which is independent of individual experience.
This, of course is an application of Gestalt theory to art and though 
many of Arnheim*s suggestions are controversial there is some support 
for the simpler effects he describes e.g. Zuckerman and Rock, (1957).
It also appears that although the mathematical study of visual form has 
made little progress, the determinants of perception inherent in shapes 
themselves can be identified as, complexity, angular variability, 
dispersion, angle of rotation (Silver, Landes and Messnick, 1966). It 
might be argued therefore, that some elements in spatial ability applied 
to art can be made explicit and therefore, subject to conscious cognitive 
control by the artist. At least one such has been recognised from time 
immemorial, namely the golden section, which is known to produce proportions 
satisfying to the eye. Others include tie use of squares and rectangles, 
being shapes of minimum complexity. The problem here is that the most 
satisfying effect depends, not on achieving the ideal proportions, but 
in some slight distortion of them. An outstanding exponent in the use 
of geometrical forms - Piero della Francesca often produced pictures 
which appear lifeless. It is perhaps worth noting here that the use of 
geometrical shapes e.g. by Klee is frequently associated with symbolism 
and may be compared to a spatial paralogic in which abstract thinking is 
given a spatial form (De Soto, et al 1965).
Of the other elements in art all defy measurement but some permit 
more detailed explanation than others. Patterning and balance are always 
involved in art but are evidently not sufficient for the creation of art. 
Arnheim gives many examples of projection, depth planes, inversion and
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obliqueness all of which can be generalised to techniques. But the 
effects of line, light, colour and the massing of forms seem unpredictable. 
Whilst spatial ability is undoubtedly present in their use it must often 
be exercised at an intuitive level.
One of the very few investigations designed to reveal cognitive 
criteria used in the assessment of artistic production has been reported 
by Skager, Schultz and Klein (1966). In this study 46 drawings by art 
students of the same subject evaluated by 26 art teachers and the results 
scaled. Three dimensions accounting for the variance were extracted.
The authors impressionistic description of each dimension is given below:
Dimension I
Geometrical or static appearance (high) v. impression of 
dynamic or flowing, quality of line or objects (low).
Simplification (high) v. complexity of treatment (low).
Dimension II
Objects de-emphasized or nearly obscured (high) v. clear 
delineation of objects (low).
Organisation in part provided by relationship of fields 
or shapes (high) v. organisation via relationships among 
objects (low).
Organisation in part provided by use of shading (high) 
v. shading unrelated to organisation of drawing (low).
Little use of detail (high) v. extensive use of detail 
(low).
De-emphasis or avoidance of perspective and depth (high) 
v. emphasis on perspective and depth (low).
Dimension III
Impression of precision and control in execution (high) 
v. impression of chaotic, even violent execution (low).
Careful portrayal of objects as they are (high) v. 
simplification or primitization of objects (low).
Unused border at edge of drawing (high) v. impression 
that artist ignored edge of drawing (low).
Neatness (high) v. carelessness or disorder (low).
(Skager, Schultz and Klein, p.355)
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It will be noted that the dimensions are bi-polar i.e. the best 
quality drawings received positive (high) or negative (low) marks.
Evidently the dimensions allow for contrasted styles in artistic production 
although the judges evidently regarded as essential some kind of organiz­
ation, however, achieved.
Because spatial ability is far from being the whole of art and 
because quality in art depends on the successful integration of several 
elements it seems fitting to conclude this section and the chapter by 
a study in composition Fig. 2.5 (Insert 2D) is a reproduction of *The 
Bathing Place* by Seurat. This is a picture noted for its harmony. Two 
spatial dispositions are conspicuous - the angle made by the left hand 
river bank with the horizontal background and the angles formed as the 
eye traverses the picture across the three prominent figures. It will 
be noted that these are all drawn in profile and that the angular 
comparisons can therefore be made for the most part in one plane. The 
angular comparisons and the use of semi-geometrical shapes are notable 
features of this picture and their placings must have resulted from 
numerous transformations of imagery. But the careful balance of the 
smaller colour masses, their relationship to the blue and green areas 
and the use of light and shade introduce other considerations. It could 
be argued that in perceiving the relationships among them another kind 
of spatial ability is being exercised. That can, however, be only an 
academic point because the relationships are not only spatial; they are 
logical and expressive as well. The whole subserves an impression of 
stability and peace.
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IThe Bathing Place Seurat
1883-4
Fig. 2.5
Insert 2D
CHAPTER 3
DEFINITIONS AND CLASSIFICATIONS OF VISUO-SPATIAL ABILITY
The foregoing review of intellectual activities related to spatial 
material in four fields of study is intended to provide a basis for a 
definition of visuo-spatial ability which is independent of psychological 
considerations. This is considered to be the first major objective of 
the thesis. As indicated at the beginning of the last chapter the review 
can also provide material for at least a partial taxonomy of spatial 
activities.
If one begins by trying to answer the question of what space is; it 
is that in which all things are comprised. More significantly the term 
implies extension i.e. that data in space can be separated individually 
from the rest of the visual field by a boundary (technically a Jordan Curve).
Without raising the question of the relation between perception and 
cognition which is to be considered in the next Chapter it seems evident 
that the use of ♦visuo-spatial* as descriptive of a process implies a 
selection of activities in relation to the visual field. In fact, It 
is the process of examining the sense data rather than sensing them to 
which the description applies. They can be examined for shape, for colour, 
for relations to other sense data, for position within the visual field, 
for relative size. They may be subject to forms of measurement; length 
in proportion to the diameter of the visual field, and area in proportion 
to its total extent. In the case of points within the visual field it 
may be argued that they possess neither extension or colour. If so, and 
it is debatable, their examination is restricted to relations to other 
sense data and to position within the visual field.
The description above is supported by empirical evidence derived 
from observation of the stages of recovery following cerebral injuries 
(Smythies 1956 p.£4):
1. The visual field, extended but without forms.
2. Light and dark are distinguished but without boundaries.
3. A surface area is differentiated but without distinct 
dimensions.
4. The area takes on direction.
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5. Forms are differentiated and can be described e.g. as 
long, horizontal.
6. Separate masses can be distinguished and shape described.
7. Straight lines, curves, geometrical figures can be 
distinguished.
8. Three dimensional vision.
Returning to the problem of establishing a provisional definition, 
•visuo-spatial ability* appears to imply:
(A) The power to examine sense data present in the visual 
field for certain kinds of non-symbolic information.
(Following Smythies the information may be taken to comprise, shape, 
colour, relations between sense data, relative length and area, position 
in the visual field). Examples from the previous chapter include areal 
differentiation (Geography) the positions of chess pieces, similarities 
in geometrical drawings.
However, the power described in (A) is evidently not the only one 
employed in the exercise of the kinds of spatial ability which were 
mentioned in Chapter 2. In the case of artistic production it may not 
even be relevant to the process since the non-symbolic information 
associated with the definition does not include expression. All four of 
the fields of intellectual activity discussed in Chapter 2 can show 
examples of processes loosely categorised as ’transformationsI and these 
are not covered by Definition (A). Frequently they take the form of 
imaginal re-arrangements e.g. possibilities on a chess board; less often 
they are conversions of non-spatial data e.g. language and statistics 
into a spatial form. Thus 'visuo-spatial ability* may also imply:
(B) 1. The power to perform an intellectual operation upon
certain kinds of non-symbolic information derived 
from one or more groups of sense data or from imagery.
ii. The power to perform an intellectual operation of 
which certain kinds of non-symbolic information are 
products.
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The provisional definitions (A) and (B) above serve to identify 
the information used in the exercise of spatial ability (although by no 
means exclusive to it). However, they do not make clear the nature of 
the examination in (A) or of the intellectual operations in (B). In 
order to make progress in understanding these processes, it is now 
assumed that they can be compared with intellectual behaviour in relation 
to other kinds of content.
Bloom*s Taxonomy of Educational Objectives
The assumption made above is a necessary prerequisite for the 
application of this taxonomy. Bloom*s Taxonomy (1956) is not designed 
to be a psychological system although it emulates one in the initial 
division of objectives into the cognitive, affective and psychomotor 
domains. It classifies the behaviours which are intended to result from 
participation in various forms of instruction. What it does not attempt 
is classification of the processes leading to particular behaviour or 
indication of the means by which the processes are initiated.
In the summary of the cognitive domain given below examples are 
drawn from Geography, Chess, Geometry and Art.
1.00 KNOWLEDGE
The essential psychological process involved is remembering.
This in turn implies previous learning.
1.10 KNOWLEDGE OF SPECIFICS
Bloom describes this type of knowledge as having a low 
level of abstraction - usually a symbol with a concrete 
referent.
1*11 Knowledge of Terminology 
e.g. Angle; intersection.
1.12 Knowledge of Specific Facts
e.g. The location of Timbuktu is 17°N. 3°W.; the 
location of Timbuktu in relation to the whole area 
of Africa
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1.20 KNOWLEDGE OF WAYS AND MEANS OF DEALING WITH SPECIFICS 
Methods of organising e.g. classifying phenomena.
1.21 Knowledge of Conventions
e.g. Placing the north side of a map at the top.
1.22 Knowledge of Trends and Sequences
This is knowledge with respect to time by 
definition and there can be no examples from 
spatial data.
1.23 Knowledge of Classifications and Categories 
e.g. Perspective v non-perspective; symmetry 
v. asymmetry.
1.24 Knowledge of Criteria
e.g. The necessity for structure in a work of 
art; the criteria for a good move in chess.
1.25 Knowledge of Methodology
e.g. A King's Indian Defence (in chess).
1.30 KNOWLEDGE OF THE UNIVERSALS AND ABSTRACTIONS IN A FIELD 
Bloom describes these as the large structures, theories 
and generalisations which dominate a subject field. They 
are at the highest levels of abstraction and complexity.
1.31 Knowledge of Principles and Generalizations 
e.g. Euclidean postulates; inductive logic.
1.32 Knowledge of Theories and Structures
e.g. Central Place Theory (Geography); Gestalt 
Theory applied to Art.
2.00 COMPREHENSION
2.10 TRANSIATION
e.g. Translations of verbal data into spatial (geometric 
or cartographic) terms; construction of a single factor 
map.
2.20 INTERPRETATION
e.g. Reading a map.
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2.30 EXTRAPOLATION
e.g. Predicting a point of intersection; recognising 
the limitations of spatial data in certain types of 
problem solving.
3.00 APPLICATION
e.g. The ability to apply appropriate transformation techniques 
to assist in the solution of spatial problems.
4.00 ANALYSIS
The breakdown of material into constituent parts.
4.10 ANALYSIS OF ELEMENTS
e.g. Hie elements contributing to balance in a picture.
4.20 ANALYSIS OF RELATIONSHIPS
e.g. Analysis of a chessboard situation; a series of 
spatial correlation trials.
4.30 ANALYSIS OF ORGANIZATIONAL PRINCIPLES
e.g. Detection of structures in a work of art; detection 
of pattern in a dot distribution.
5.00 SYNTHESIS
Combining elements in such a way as to constitute a pattern or 
structure not clearly there before.
5.10 PRODUCTION OF A UNIQUE COMMUNICATION
e.g. The production of a work of art; making a move 
in chess.
5.20 PRODUCTION OF A PLAN OR PROPOSED SET OF OPERATIONS
e.g. Drawing up a town plan according to given constraints 
opportunities and objectives.
5.30 DERIVATION OF A SET OF ABSTRACT RELATIONS
Bloom describes two kinds of task under this heading;
(a) the formulation of a hypothesis and (b) deductions 
from propositions. It is unlikely that the end product 
of task (a) could be spatial although it could of course, 
be derived from spatial material. Task (b) might take 
the form of a series of geometrical transformations in 
the search for a solution to a problem. The formal
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statement of the solution would have to be made in 
verbal or mathematical terms.
6.00 £ EVALUATION
Judgements based on stated criteria.
6.10 JUDGEMENTS IN TERMS OF INTERNAL EVIDENCE
Examples of internal standards are accuracy and consistency.
6.20 JUDGEMENTS IN TERMS OF EXTERNAL CRITERIA
e.g. The evaluation of a complete game of chess, or a town 
plan, using criteria such as efficiency, economy, utility; 
the evaluation of a work of art in terms of spatial 
techniques.
It seems as though a formal evaluation can only be couched 
in verbal terms.
The theoretical relationship of the Taxonomy to provisional
Definitions (A) and (B) may now be considered.
1. Bloom*s category of Knowledge (1.00) can evidently comprehend spatial
knowledge and is compatible with the *non-symbolic information*
used in all the definitions. Spatial knowledge is presumably 
acquired through the process which appears in Definition (A).
2. With three exceptions all the rest of Bloom*s categories are compatible 
with the process which appears in Definition (B)i.
The three exceptions are :-
Translation (Comprehension 2.10) which includes the translation of 
verbal data into spatial terms.
Production of a Plan (Synthesis 5.20) which seems to entail the use 
of both spatial and non-spatial data.
Evaluation (6.00) which seems to require both spatial and non- 
spatial data and for which the product must be verbal.
3. Of the exceptions mentioned above the following are compatible with 
Definition (B) ii.
Translation (Comprehension 2.10)
Production of a Plan (Synthesis 5.20)
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4. The following *intended behaviours* £ iare compatible with 
Definitions (B) i and (B) ii.
Comprehension 2.00 (except 2.10)
Application 3.00
Analysis 4.00
Production of a Unique Communication (Synthesis 5.10)
5. Whilst there must be an element of spatial ability in Evaluation 
(6.00) it is not compatible with either of the Definitions when 
considered as a single piece of behaviour.
The application of the Taxonomy highlights the variety of intellectual 
activity which can be associated with spatial ability. It appears that 
only some of the more complex forms cannot be sustained without the support 
of verbal or mathematical language.
Guilford*s Structure of Intellect (S.X) Model
Unlike Bloom’s Taxonomy the S.X^  Model (Guilford, 1967; Guilford and 
Hoepner 1971), purports to be a psychological dassifcation of ways of 
being intelligent. As will be shown it is not very helpful in that 
connection but, on the other hand, provides a classification for a large 
number of tests with spatial content which merit examination.
Both the assumptions about the structure of intellect and the 
statistical analyses used by Guilford have been heavily criticised on 
both sides of the Atlantic particularly by those psychologists who adhere 
to a hierarchical view of intelligence (Eysenck, 1967). Even if the 
model is used only to analyse test content and to provide an indication 
of how an ability may be defined it still has serious weaknesses inherent 
in the adoption of an a priori scheme which entails the neglect of 
intercorrelation between tests allocated to different cells. There are 
also deficiencies arising from the rather cavalier way in which Guilford 
has grouped tests with little regard to the amount and type of learning 
necessary for success on them. Nevertheless even the severest critics 
are bound to recognise the great wealth of test results which Guilford 
has been able to use in the construction of the scheme and the guide 
lines which it has yielded for the construction of new tests to fit the
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theoretical cells.
Fig.3.1 (Insert 3A) shows the figural content plane of the S.£. 
model. Other information taken from Guilford’s book (1967) is as follows:
(a) The trigram symbols shown in each cell for which a factor 
has been identified.
(b) The number of times a factor has been identified in the
top righthand corner of each cell - 1, 2, 5 = 3 to 10 times,
N = 11 or more times.
(c) The ages up to fourteen at which a factor has been identified
(shown below the trigram symbols).
(d) Examples of tests which the factor loads. Information from 
a later work (Guilford and Hoepner, 1971) has been added and 
is shown bracketed.
Guilford (1967 p.67) gave some attention to the relation of the S.H 
model to Bloom's Taxonomy
Bloom Guilford
Knowledge
Comprehension
Cognition
Application
Analysis
Memory
Synthesis ( Divergent Production
(
( Convergent Production
Evaluation Evaluation
However, inspection of the tests included in the various cells reveals 
extraordinary latitude in the definition of cognition. The tests in the 
CFU cell are evidently perceptual whereas CFR tests require the cognition 
of relations and the CFT tests entail transformations. Reading the other 
way, the EFU tests require perceptual matching whereas a DFU test is Make 
a Figure which requires constructions based on two or three lines. Guilford 
has a very broad interpretation of cognition - particularly when it applies 
to figural units. This situation arises largely because the S.H model acts
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as a strait-jacket - forcing him to argue that perception is an operation 
"we see that at the stage of seeing single letters and identifying them
as such, the cognition of figural units is involved   With some
arbitrariness then, perception may be said to overlap cognition where 
figural information is concerned" (Guilford, 1967 p.252)• This is a 
problem arising from the S.I model which has evidently been of particular 
concern to Guilford and he considers its logical implications elsewhere 
in the book (1967 p.206). In effect the model shows the same discontinuity 
between the perception of the environment and deductive logic as can be 
demonstrated for geometry. Moreover, Guilford provides no conceptual 
counterpart to the perceptual-inductive processes which seem to play a 
large part in spatial activity and which were discussed in relation to 
chess in Chapter 2.
There are other, though less fundamental difficulties inherent in 
the S.I model. Pig. 3.1 shows that Guilford has so far not been able to 
establish separate factors for most of the cells in Convergent Production 
and those in the Cognition column have only a tenuous unity. Certainly 
the tests yielding the factor classified as EFU appear to be tapping an 
ability distinct from any categorised as Cognition but one which is closer 
to a conventional view of perception than to Evaluation.
Consequently it is doubtful if the S.X model as such, has very much 
to contribute to an understanding of the cerebral processes involved in 
spatial ability. However, it does bring together the results of a large 
number of tests which help to categorise intellectual behaviour which 
is compatible with one or more of the three provisional definitions of 
spatial ability made earlier in the present chapter. This is the 
justification for the detailed comments on Fig. 3.1 which appear below.
Some of the tests which Guilford regards as indicators for figural 
cognition (CFU) evidently depend on spatial perception. Guildford ascribes 
the establishment of this factor to Thurstone who described it as ’speed 
of perception*. Evidently Thurstone*s test and the Street Gestalt 
Completion Test are not compatible with Definitions (B) i and ii.
Strictly speaking Thurstone*s test does not satisfy Definition (A) either 
because it depends on the recognition of letters i.e. symbolic information. 
There is an experimental problem here in that the act of perception has 
to be signalled and almost inevitably entails either recognition based 
on previous learning or the introduction of short term memory as an 
additional factor.
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Guilford considers that memory is an operation. It is accepted 
by many psychologists as a mental process but is not compatible with 
Definitions (B) i and ii. Guilford defines it (1967 p.211) as ’’retention 
or storage, with some degree of availability, of information in the same 
form in which it was committed to storage and in connection with the 
same cues with which it was learned.” Inspection of the tests included 
in the memory column in Fig. 3.1 suggests that this ’operation' is more 
easily distinguishable - at least with figural content - than most of 
the others. Among the characteristic tests are Reproduction of Designs 
which depends on short term memory and Position Memory which asks for 
recall after four hours. There are also a number of tests which appear 
in other columns of Fig. 3.1 but are also tests of memory. One of 
these is the Identical Forms test, originally devised by Thurstone, 
which requires identical shapes to be matched. This is described by 
Guilford as E.F.ui Another is the Gottschaldt Figures test which appears 
in the NFT cell but clearly does not require transformations although 
some form of cognition (certainly within the Guilford definition) is 
required as well as short term memory.
Turning now to the tests which appear to require 'operations' in 
the sense of the (B) i and ii Definitions, it is evident that a 
comprehensive classification is not possible because of the variety of 
content in the tests. However, concentrating on the strategies which 
the tests invite, it seems that a division is possible between those 
which require the study of attributes and the rest. Of those which 
involve the study of attributes there are some which require logical 
analysis e.g. Figure Classification (CFC) and Figure Matrix (CFR) and 
others which do not e.g. Making Objects (DFS) and Decorations (DFI).
It is apparent that most of the remaining tests with figural content 
shown in Fig. 3.1 involve a capacity to deal with spatial relations by 
means of transformation. Examples can be found of -
changes in spatial relation between configurations and 
background e.g. Figure series (CFR)
changes in spatial relations between the observer and a 
configuration e.g. Spatial Orientation (CFS). Perspective 
drawings are required for these tests.
changes in spatial relations within a configuration e.g.
Match Problems (DFS)
- 35 -
One test which appears to fit Definition (B) ii is Spatial Visualization 
II (Guilford 1967 p.101) which provides information in a verbal form about 
coloured blocks but evidently require the subject to convert it to a spatial 
form in order to achieve a solution.
A summary of the classification described above is shown in Pig. 3.2 
(Insert 3B). It should be borne in mind that the categories are based on 
the kind of manipulation required in the tests not on the psychological 
processes which facilitate the manipulation.
There are very few tests to which the classification in Fig. 3.2 is 
not immediately applicable. One such, Planning a Circuit (CFX) appears 
to require logical activity but without the extraction of attributes.
The Classification of Tests and Bloom*s Taxonomy
If the Taxonomy can be regarded as an adequate list of spatial 
activities it is helpful to show the extent of its correspondence with 
the classification provided in Fig. 3.2.
Knowledge: Figural memory tests seem to be tests of spatial knowledge
e.g. the Reproduction of Designs appears to require a process similar 
to a test of ability to reproduce a sketch map.
Comprehension; The translation of verbal data into spatial terms has 
already been mentioned in connection with Guilford*s test Spatial 
Visualisation II.
Application: The example given in the Taxonomy was the use of appropriate
transformations in the solution of spatial problems. It does appear at 
first sight that there is a correspondence between transformations 5 (a),
(b) and (c) categorised in Fig. 3.2 and isometric, projective and 
topological transformations respectively. This is only partly the case.
None of the tests described by Guilford could properly be described as 
requiring topological transformations. The case of the projective trans­
formations merits special consideration. Perspective drawings make use 
of projective concepts but their appearance in a test does not automatically 
imply a projective transformation. At the same time there are some tests 
such as Spatial Orientation where projection of view is unavoidable. It 
can be argued that tests which require the subject to match an object 
with a view from above also have to be solved in the same way but it
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TO INTELLECTUAL TASK REQUIRED
Compatible with Provisional Definition (A)
1. Perception-Recognition Tests 
e.g. Street Gestalt Completion
2. Memory Tests
e.g. Re*rpduction of Designs, Identical Forms
Compatible with Provisional Definition (B)i
3. Tests requiring' the formation of categories and/or 
logical relations based on attributes
e.g. Figure Classification. Figure Matrix.
4. Tests requiring a ncn-logical (representational) use 
of attributes
e.g. Making Objects, Decorations.
5. Tests requiring transformations without extracting 
attributes
(a) Transformation in relation of figure to 
background e.g. Figure Series.
(b) Transformation in relation between fi.gure 
and observer e.g. Spatial Orientation.
(c) Transformation in relations between parts 
of a figure e.g. Match Problems.
Compatible with Provisional Definition (B)ii
6 . Tests requiring the translation of non-spatial data 
into spatial data e.g. Spatial Vizualisation II.
-J
Fig. 3.2
Insert 3B
seems likely that many subjects rotate the object imaginally in order to 
get the view required*
Analysis: The correspondence here is far from perfect. The initial
stage of analysis, is the examination of a percept for form and meaning.
When analysis proceeds to the extraction of attributes, logical operations 
become possible. When attributes are not extracted and there is concentration 
on relations internal to the percept e.g. in the examination of a picture 
or map, analyses stop with the comparison of percepts for identity e.g. 
recognition of identity of form or distributions. Thus, Figure Matching 
and Varied Figural Classes (Guilford, 1967 p.82 and p.145) correspond to 
the examples of logical analysis given in the Taxonomy (Bloom, 1956, p.151).
Of non-logical examples Bloom gives only two examples drawn from music 
(p.161) and these are no more than the examination of a percept in the 
light of knowledge.
Synthesis: In the outline of the Taxonomy examples of this complex activity
were given as the production of a work of art, making a move in chess and 
the production of a plan. Simple equivalents are to be found in Guilford 
among the tests of Divergent Production e.g. Make a Figure, which requires 
the combination of two line elements in many different ways and Match 
Problems. Both of these require spatial transformations of type 5(c).
There seems to be no reason why tests involving divergent production 
should not be based on isometric and projective transformations.
Evaluation; This has already been shown to be outside the field of spatial 
activity. ,
Definitions of Spatial Ability
C.T. ffyers wrote in 1959 (p.886) ”... there seems to be no general 
consensus among test makers nor any clear statements as to what kind of 
mental activity they are trying to elicit with spatial tests.” The 
intentions of this chapter have been to show the formal intellectual (as 
distinct from psychological) processes which occur in the exercise of 
spatial ability. Three provisional definitions of spatial ability were 
stated as follow
(A) The power to examine sense data present in the visual
field for certain kinds of non-symbolic information (the 
information was described, following Smythies, as shape, 
colour, relations between sense data, relative length and
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area and position in the visual field).
(B) i The power to perform a mental operation upon the non-
symbolic information derived from one or more groups of 
sense data or from imagery.
(B) ii The power to perform a mental operation of which non- 
symbolic information is a product.
It is apparent from the discussion above that Definition (A) is not 
adequate as a description of spatial ability. The problem is to find a 
formula which provides for the activities which have been described by 
Bloom, as ’Analysis' whilst excluding those where the analysis of sense 
data is characterised by the extraction of attributes i.e. the recognition 
of representations and logical analysis. For it is clear that the 
examination of data present in a visual field can proceed in two main 
directions. On the one hand, data in the visual field may exhibit a 
combination of attributes which are related by the observer to a known 
set of concepts, e.g. a ship sailing on the sea. The relation may only 
be a partial one in which case certain attributes are extracted resulting 
in a categorisation of the data as e.g. square/not square, yellow/not 
yellow. On the other hand elements of the data can be examined for 
their relations to each other within the visual field thus excluding 
symbolic, representational and categorical interpretations. Thus a 
picture may be analysed for what it represents or symbolises but it can 
also be examined for form and composition. In theory, at least any
percept can be examined in these two ways. As the first type of analysis
leads on to logical operations so the second type of analysis leads on 
to transformations which preserve a one to one correspondence with the 
original data. An interesting effect of the difference in the two types 
of analysis is seen in the process of comparison. For whereas a logical 
analysis is seen in the process of comparison. For whereas a logical 
analysis builds up identity by comparing each attribute in turn, spatial 
comparison is an impression of actual or proximate identity.
Definition (A) might therefore be reworded to A
•'The power to examine sense data present in the visual
field for information related to the situation in the
field.”
Thus the kinds of information described by Smythies e.g. shape, position, 
should properly be described as field-related shape, field-related position.
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Although the definition above is related to the visual field, omission of 
•visual* would not only provide for the inclusion of the mental process 
required by Spatial Visualisation Test II, the conversion of verbal 
information to a spatial form but also for other types of sensory activity 
which result in the exploration of spage e.g. through movement.
The association of spatial ability with the here and now situation 
in contrast to logical analysis based on abstracted attributes has led 
some investigators to characterise it as •practical* and •concrete' (see 
Macfarlane Smith, 1964 p.42-44 and Guilford, 1967 p.206). Examination 
of Fig. 3.3 shows that these descriptions are inappropriate. For a 
variety of relationships can be obtained from the distribution of dots 
if it is treated as a set of geometrical points. Or the group of dots 
can be treated as related to the outline as in an artistic production.
Such relationships are field-related but they are not concrete.
AN ABSTRACT DISTRIBUTION
This point shows close correspondence with that made by de Groot 
(1965) in discussing the factors of chess talent (see Chap.2). Binetfs 
early investigation of chess playing showed that the imagery employed 
was by no means entirely reproductive or concrete and in describing non­
verbal intelligence used in chess de Groot (1965 p.357) warns the reader 
•’not to confuse this rather abstract schematic spatial imaginative ability 
with concrete visualisation and visual memory.”
Fig. 3-3
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The kind of spatial ability to which Definition A refers would be 
rejected by some test constructors who concentrate on operations. It 
has now been established that if spatial tests are to be distinguished 
from non-verbal reasoning tests they cannot include the extraction of 
attributes and logical classification. Nor do they have representational 
products. It has also been shown that qualitatively speaking all the 
operations in tests which are undoubtedly spatial can be described as 
geometrical transformations. These are invariably transformations in 
one of the plane geometries and virtually restricted to isometric and 
projective types but there seems no inherent reason why experimental 
considerations should confine the definition of an ability. The 
definition of the operational type of visuo-spatial ability becomes
B "The power to perform a visual transformation which
can be defined in terms of a geometry.”
It should be emphasised again that the definitions given above 
are task-related and qualitative. They do not give any indication of 
factors which may determine the level of difficulty or psychological 
elements involved in carrying out the tasks. These will be considered 
subsequently.
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CHAPTER 4.
PSYCHOLOGICAL PROCESSES
An investigation of the psychological processes involved in the 
exercise of spatial ability is the second major objective of this thesis; 
the establishment of definitions being the first. This chapter is a 
review of some recent work, most of which has not been concerned with 
spatial ability as such, but can be seen to be relevant in the light of 
the definitions. The first part of the chapter contains commentaries on 
two major theories of intelligence, those of Cattell and Piaget. These 
are followed by a discussion of recent empirical work on imagery, the 
applications of information.
In the concluding pages a partial model of the processes involved 
in spatial ability is outlined.
A Hierarchical Model of Intelligence
The writings of Cattell and Horn in the ’sixties' presaged the 
emergence of a major theory of intelligence of which Cattell's "Abilities, 
Their Structure, Growth and Action" (1971) is the most recent statement. 
Unlike the Guilford S.T model which emerged from the statistical practice 
of using orthogonal factors only, Cattell's theory is founded on the 
practice of using oblique axes to find higher order factors. Fundamentally, 
therefore, it is a hierarchical scheme although one which does not assume 
the existence of a single underlying factor of general intelligence (see 
Horn, 1968). The most recent work of Cattell and Horn shows, however, 
that what was a statistical scheme has been replaced by a theory containing 
broad constructs to which developmental studies in particular, have 
contributed. In this respect the theory has been extended further than 
the formulation by Vernon (1961) and has succeeded to a considerable 
extent in giving a comprehensive interpretation to the chaotic results of 
factor analysis.
In formulating a comprehensive theory Cattell has accorded spatial 
ability a not unimportant place, and, using the results of Horn's 
investigation (1966 and 1968) has attempted to trace its connection with 
higher order factors (see Fig. 4.1, Insert 4A). Strictly speaking, although 
Cattell has fitted spatial ability into his scheme as one of a number of 
primary abilities neither he, nor Horn has collected fresh empirical 
evidence about it. Cattell's 1971 statement refers to the possibility of
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a second spatial factor named Spatial Orientation from which it is 
evident that he is relying on the description given by Michael et al 
(1957) to which reference was made in Chapter 1.
The most distinctive feature of Cattell*s theory is the dichotomy 
between fluid intelligence (Gf) and crystallised intelligence (Gc) both 
of which appear psychoraetrically as second order factors interpreted as 
interacting influences in the primary factors which in turn interact to 
account for variance on specific tests. Gf and Gc are concepts basic 
to the developmental aspects of Cattell*s theory and will require further 
reference later but they are not the only second order factors which have 
been recognised. Horn and Cattell (1966) in a major factor analysis 
extracted 5 factors after rotation:-
Interpretation
Gf Fluid Intelligence
Gc Crystallised Intelligence
Gv General Visualisation
F General Fluency
Gs General Speediness
Fig. 4.2 (Insert 4B) shows the first order factors shown to be loaded 
by Gv and intercorrelations greater than 0.4 between these tests. It will 
be noted that the CFR group includes both logical and transformational 
tests and that the speed of closure tests involve symbolic and represent­
ational material. The first order factors which form the basis for grouping 
are derived from three different sources. Cs and Cf are the Thurstone 
closure factors originally Factors A and E. (see Chapter 1). S is SR-0 
of Michael’s (1957) summary where Vz also appears. CFR and DFT are 
borrowed from Guilford’s S.2I model (see Fig. 3.1). It is surprising that 
tests such as Cube Surfaces and Visualizing Blocks which have been shown 
(e.g. Barrett, 1953) to favour the use of imagery were not included. The 
second order factor Gv in Cattell*s scheme (not to be confused with the 
first order factor Vz) would be more readily acceptable if the first order 
factors on which it is based were less heterogeneous. It is probably the 
heterogenity of the groups which permitted the alternative interpretation 
of the 1966 data made by Humphreys (1967). On re-analysis he found only 
four factors :-
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FIRST ORDER FACTORS IN CATTELLr S THEORY ON WHICH THE 
SECOND ORDER FACTORS GV (General Visualisation) LOADS
Figural Factors 
Figural Relations (CFR)
Adaptive Flexibility (DFT) 
Spatial Orientation (S) 
Visualization (Vz)
Speed of Closure (Cs)
Flexibility of Closure (Cf)
Non-figural Factors 
Induction (1)
Tests marking the factor
Figure Series 
Topology
Matrices - Speed 
Matrices - Power 
Figure Classifying
Match Arrangements
Cards
Form Boards
Backward Reading 
Street Gestalt
Designs
Letter Grouping 
Number Series
Associative Memory (AM) Cued Nonsense Memory 
Cued Meaningful Memory
INTERCORRELATIONS BETWEEN FIRST ORDER FACTORS
(Decimal points and correlations below 0.4 are omitted) .
CFR DFT S Vz Cs Cf I AM
CFR - 46 49 54 55 47 6 7
DFT 46 - 44 40
s 4 9 - 47 42 • 46
Vz 54 44 47 - 4-2 55 45
Cs 55 42 42 - 48 42 42
Cf 47 55 48 - 46
Fig * 4 e 2
(Horn and Cattell 1966)
Insert 4-B
(a) Abstract and visual reasoning
(b) Crystallised ability
(c) General speed and fluency
(d) Personality
Humphreys agreed, however, that fluid intelligence and visualisation 
would emerge as separate factors on a further rotation; a procedure of 
which he was critical as removing conclusions too far from the original 
data (Humphreys 1967, p.136).
In view of the discussion above it is not surprising that Horn and 
Cattell interpreted Gv broadly:- f,the present results ••••• would appear 
to provide the clearest verification yet presented of the thesis (dating 
back at least to El Koussy's 1935, important results) that visualization 
abilities stand somewhat apart from the analytic reasoning and crystallised 
abilities of Gf and Gc, It can be seen here that Gv involves a kind of 
fluency in imagining the way objects may change as they move in space, 
maintaining orientation with respect to objects in space, keeping 
configuration in mind, finding the gestalt among disparate parts in a 
visual field and maintaining a flexibility concerning structurings of 
elements in space. It will be noted that virtually every task which may 
be said to involve spatial content has a loading on this factor" (Horn 
and Cattell, 1966 p.265). This description of <3v amounts to a failure 
to define an ability or group of abilities other than in relation to 
figural (including representational and symbolic) content. It cannot be 
agreed that the data provide evidence that 'visualisation abilities stand 
somewhat apart from analytic reason* for evidently most of the CFR tests 
call upon analytic reasoning.
In the development of what he now calls the 'Triadic Theory* (1971) 
Cattell has moved away from an interpretation in terms of intellectual 
factors to provide for developmental and neurological evidence. In his 
present view cognitive performance rests on 'Capacities', 'Powers* and 
'Agencies' with contributions from non-cognitive elements - as shown in 
Fig. 4.3 (Insert 4C).
Both Capacities and Provincial Powers are considered to set limits 
to the development of intelligence. As will be seen from the list the 
concept of Provincial Power refers to a sensory area and a local neural 
organisations "it is the surrounding association area rather than the 
small area concerned with sensory sensitivity as such •••• which accounts
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"Triadie Theory" showing the relation of 1• General Capacities
2. Provincial Powers and 3? Agencies to measured performance.
Fig* 4.3
(Adapted from Cattell 1971)
Insert 4C
for the unitory factor” (Cattell, 1971 p.302). In the Triadic Theory, 
Crystallised Intelligence is seen as an array of methods and skills which 
can be used in the solution of a wide variety of problems and thus enter 
into the activities associated with each of the agencies. As problems 
increase in difficulty so the relative contribution of the Powers increases. 
In the case of the Spatial Agency, the Powers i.e. genetic components are 
considered to be relatively more important than in say, the Numerical 
Agency.
Cattell (1971 p.302) describes the variables which would be 
theoretically expected to be loaded by the P factor of visualization in 
the following terms "perceptions of more complex relations e.g. those 
involved in perceiving differences of shape and colour, the comparison of 
input with memorized visual forms, the manipulation and combination of 
visual forms as in art, capacity to judge areas, completion of a jigsaw 
puzzle, judgement of visual similarity, judging sizes and distances, 
handling maps, preference for geometrical rather than algebraic solutions, 
ability to manipulate cubes etc. to obtain solutions to re-arrangements 
by visual imagination, ability to complete pictures e.g. the gestalt 
completion test and so on. In fact, all that goes with handling complex­
ities of relationships, purely in the visual field and presumably, also 
that part of memorising and retrieval which is contributed from the visual 
field”. This is a description more specifically in terms of abilities than 
the 1966 statement which was quoted earlier. It is also quite close to 
the examples of abilities given in the Taxonomy in Chapter 3.
However, the description is a theoretical one and the main problems 
remain - how much of the description is to be regarded as referring to 
spatial ability (ag)? Is spatial ability to be defined in terms of the 
visualisation process? Fig. 4.3 suggests not and Cattell refers 
specifically to contributions from other sensory areas e.g. the contribution 
of kinaesthetic sensation derived from crawling to the understanding of 
perspective. Moreover he shows elsewhere (1971 p.106) that Gv loads the 
culture fair tests as well as inductive and inferential reasoning (compare 
de Soto et al, 1965) and these are clearly not examples of spatial ability. 
But, if the work of Cattell and Horn does not lead to a description of 
the ability itself, it does help towards an improved understanding of 
the mental processes which enter into spatial abilities as defined in 
Chapter 3. In particular it demonstrates the apparent importance of 
visualisation as a factor in a broad range of mental activities involving
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spatial content.
A Logical Model of Intelligence
Piaget*s contribution to knowledge of the development of spatial 
ability will be considered in a later chapter. This section reviews his 
general theory of intelligence which rests upon an intense devotion to 
logical analysis as the basis of mature intelligent behaviour, including 
that practised by Piaget himself. It is useful at this juncture to 
compare his view of spatial ability with that derived from Cattell and 
it is fortunate in this connection that two trends in Piaget*s thinking 
have clearly influenced his writings since 1960, the first being a felt 
need to relate work on intelligence derived from other schools to his 
main theses, the second being a concentration of attention on broader 
issues; a seeming desire to provide an overview of his enormous contribution 
to the psychology of human intelligence. For these reasons recent books 
such as ’Mental Imagery in the Child* (Piaget and Inhelder, 1971) and 
♦Biology and Knowledge* (Piaget, 1971) although not exactly popular 
psychology are less idiosyncratic, not to say opaque, than earlier studies.
For Piaget ”the whole of logic consists in establishing invariant 
schemata aimed at organising into thought form the irreversible stream 
of external happenings and the continuous development of the stream of 
internal consciousness” (Piaget, 1971 p.151). Conservations and concepts, 
of both classes and relationships are examples of such invariant schemata. 
Imagery is seen as an auxiliary in deduction.
Piaget sets out three categories of knowledge; innate, acquired and 
logico-mathematical• He then argues that knowledge which is first acquired 
by means of innate mechanisms e.g. reflexes, becomes subject to a logico- 
mathematical framework which itself is derived from actions. Knowledge 
thus acquired and made operational i.e. subject to auto regulation replaces 
hereditary programming in Man. Piaget sums up this process in the phrase 
”the bursting of instinct” (1971 p.366).
In arguing his main thesis Piaget gives many examples drawn from 
experiment with spatial material and with the help of the books mentioned 
above and his earlier studies on perception and the concepts of space 
and geometry (Piaget 1960, Piaget 1969, Piaget and Inhelder, 1956) it is 
possible to establish his notional construct of spatial ability although 
the term does not appear in any of the books. Some of the few innate
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structures remaining to us seem to influence our perceptions of space, 
notably the neonate’s immediate experience of data in extension. Whether 
the power to see in three dimensions is innate or acquired is, for Piaget, 
still in doubt but the fact that we never learn to see in more than three 
dimensions suggests an innate controlling mechanism. This is also the 
case in the early development of perception generally which Piaget expresses 
in the Law of Relative Centrations although he rejects the laws of organisation 
proposed by the Gestalt School,
In the case of acquired knowledge it is not difficult to find cases 
where learning in relation to spatial material can be contrasted with 
operations upon material. Thus a child may learn a spatial sequence such 
as an order of colours without possessing the ability to generalise a rule 
governing the sequence of presentation. This constitutes perception 
without the extraction of attributes. The ability to form the rule demands 
What Piaget termed concrete logical operations. These include four operations 
on classes and four on relations and permit inter alia four combinations 
of two attributes e.g. red and round, red and not round, not red and round, 
not red and not round.
It is not difficult to make the connection between this formulation 
and the classification of tests with figural content shown in Fig. 3.2.
Beyond the level of perception, recognition and memory, tests included in 
Group 3 e.g. Figure Matrix, all require the extraction of attributes.
Beyond the concrete operational level e.g. where more than two attributes 
are involved as in a ternary proposition or where combinations of binary 
propositions are required, the logic becomes formal, i.e. it cannot be 
represented by physical equivalents.
As is well known this poweful formulation has been shown by Piaget 
and subsequent experiments to fit much of the reasoning processes observed 
in middle childhood and adolescence. However, thinking involves more 
than reasoning as the elements shown in Fig. 4.3 demonstrate. Even where 
logical deduction is correctly performed there is no certainty that the 
same premises will be established by different people givefn the same 
information (see Henle, 1962). As Brunswik (1956) pointed out, in 
connection with judgements of distance, reasoning can produce more precision 
but also more error whereas perception (in sensu lato rather than Piaget’s 
use) is safeguarded against drastic error by the multiplicity of factors 
which are present.
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The point here is that, if using the Piagetian formulation, one 
encounters a type of cognitive activity to which it does not immediately 
seem to apply there is a real choice of approach to be made. Does one 
follow the closely argued and persuasive thesis of Piaget and attempt, as 
he does himself, to bring all cognitive activity into the logical net?
Or does one search for an alternative formulation? This question arises 
specifically in the case of spatial ability for it is evident that concrete 
and formal operations cannot be applied directly to the spatial trans­
formations shown in Group 5 of Fig. 3.2.
To deal with this problem at the concrete level, Piaget invents a 
highly ingenious system of sub-logical operations based on proximity in 
spatial entities not on similarities between them i.e. attributes. "Can 
proximities or separations be regarded as relationships just the same as 
any others, and the parts of objects regarded as objects - their conjunction 
forming simple classes - so that sub-logical operations are simply a case 
of logical operations? The answer is no, since linking items together to 
form objects or classes of objects equally according to proximities or 
similarities entails a fundamental contradiction as regards their mode of 
conjunction”. (Piaget and Inhelder, 1956 p.458). Three sets of sub- 
logical operations are adumbrated, corresponding to topological, projective 
and Euclidean relationships. Each set contains eight operations correspond­
ing to those in concrete operations i.e. four on classes, four on relations. 
However, there is more than a logical difference between sub-logical and 
concrete operational reasoning - "at this concrete level” spatial operations 
differ markedly from operations concerned with numbers and logical entities 
such as classes” (Piaget and Inhelder, 1956 p.457). It seems that the 
necessity for this elaborate scheme lies in the need to forge a link between 
inductive and deductive logic in relation to spatial data i.e. data from 
which attributes, the raw material of deductive logic are not available.
This problem appears in other statements by Piaget from which it appears 
that he regards topology in particular as providing continuity between 
spatial phenomena and deductive logic; "spatial structures bridge the gap 
betweeilogico-matiiematical structure, the nature of which is still unknown, 
and those structure which are either hereditary or, as is sometimes the 
case, acquired by learning”. (Piaget, 1971 p.309).
It is evident from the last quotation, that there is an area of doubt 
in Piaget’s own mind about the precise relationship of logical operations 
to spatial ability, particularly at the formal operational level. He sees
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no difficulty over the relation of sub-logical and logical operations - 
"at the hypothetico-deductive and axiomatic level, the distinction between 
sub-logical and logical loses its significance” (Piaget and Inhelder, 1956 
p.460). Unfortunately, nowhere are there examples of spatial activity 
which have been analysed to support this statement empirically at the 
formal operational level. Moreoverjclose inspection of the scheme of 
sub-logical operations raises doubts about both their philosophical and 
psychological significance. For, unlike the statements of concrete and 
formal operations the sub-logical operations seem to be implied by the 
existence of particular concepts and are not generalisable beyond those 
concepts. So they do not really rank as operations. On the psychological 
point it could fairly be asked, as Braine does (1959) whether it is 
necessary to adduce an elaborate logical model to explain the existence 
of concepts rather than one taken from, say, information theory. Mycock 
(1969) found no sizeable correlation between the Piagetian spatial tests 
and the S.R.A. Space Test applied to 9 year old children although the 
Piagetian tests showed substantial correlations with both verbal and non­
verbal reasoning tests. She concluded that there was no psychological 
significance in the distinction between concrete and sub-logical operations.
Mental Imagery
Piaget divides .cognitive functions into two large categories, oper­
ational and figural, the first of which was discussed in the preceeding 
section. The second category of function is concerned with the state of 
reality - an essentially static idea. It comprises:
(a) perception which in Piaget*s view functions through the 
intermediary of a sensory field and only when an object 
is actually present.
(b) imitation which amounts to motor reproduction of an object 
when it is not present.
(c) the mental image
By contrast the operational category is essentially dynamic stemming from 
sensori-motor activity and proceeding through internalised actions to 
logical structures and transformation systems.
The dichotomy between figural and operational activity is maintained 
firmly in all the works of Piaget up to the mid ’sixties. While "operations 
elaborate general frameworks and tend to reduce the real to structures of
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deducible transformations, perception is of the here and now and serves 
the function of fitting each object or particular event into its available 
assimilative framework. Perception is not therefore the source of 
knowledge, because knowledge derives from the operative schemes of action 
as a whole.” (Piaget 1969,p.359) Figural structures correspond only to 
♦states* between which transformations are effected. It should be mentioned 
that the dichotomy requires a view of perception which appears to have no 
room for the gestalt view of unlearned organisation of the perceptual 
field. Piaget partitions the concept of gestalten between sensori-raotor 
activity related to each object and operations related to the subject.
♦♦decomposer les totalites perceptives en rapport qui s’ equilibrent 
a la maniere d un syst^me de relations logiques et chercher le 
secret de la composition perceptives dans les differences qui 
subsistent entre cet equilibre de rapports pergus et le groupement 
des relations logiques correspondantes** (Piaget et Albertini, 1952 
p. 38)
The categorisation on which the preceding discussion has centred 
has become less clear cut for readers of Piaget if not for the author 
himself since about 1963 largely as the result of the interest which he 
has taken in mental imagery and the logical problems involved in assimi­
lating this group of phenomena (and particularly spatial imagery) to his 
epistemology (Piaget, 1971). Like the k-factor, mental imagery is a 
recurring theme in the history of investigations into spatial ability 
but it is necessary to look back for some years to form even a rough 
idea of the relationship which might exist.
Descriptive psychology in the 1920s paid a great deal of attention 
to mental imagery. Sir Godfrey Thomson*s book, "Instinct, Intelligence 
and Character** which was first published in 1924 may be taken as typical 
of the period (Thomson, 1924). In it, two chapters are devoted to imagery 
under the general heading of **The Ascent from Instinct to Intelligence**. 
Thomson describes how imaging may take the place of actual response where 
various responses are possible. He gives an example (p.18) of how, in 
imagination, a site might be selected for a fire and a stone placed across 
the corner of two walls. Such a situation is not far removed from the 
spatial tests of the present which use three dimensional representations 
and later in the same chapter Thomson describes, though not by name, a 
form board test and the use of imagery to visualize how a cube might be 
cut to give a section which is a plane hexagon. It becomes clear that
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problem solution by means of anticipatory imagery is,for Thomson,an 
intermediate stage between trial and error learning and reasoning with 
symbols. El Koussy's study (1935) to which reference was made in the 
first chapter was evidently in the same tradition. Considerable care 
was taken to collect evidence of imagery used both from reports of 
introspection and direct observation e.g. movement of the head. El 
Koussy's finding was definite that "for tests involving the k-factor it 
is necessary to obtain, manipulate and utilise visual spatial imagery”.
(p.86).
For a long period, however the study of imagery suffered eclipse.
It was displaced by a drive for objectivity and by the difficulty of 
obtaining experimental evidence. Current textbooks in the trddition 
of experimental psychology do not refer to it. Nevertheless, in Holt’s 
words (1964) "the return of the ostracized” has been apparent since the 
'fifties particularly in relation to kinaesthetic imagery.
As far as visuo-spatial ability is concerned two important investi­
gations were made by Barrett (1953 and 1956). In the first of these an
attempt was made to obtain agreement about the role of imagery in 23 
spatial tests undertaken by groups of 40 students and 180 schoolboys.
Barrett asked his subjects to rate themselves according to the extent to
which they used imagery and also to rate the tests for the amount of 
imagery required. There appeared to be a slight advantage in favour of 
those using imagery on some tests^though these do not fall into an 
obvious category. When the tests were rated for the use of imagery 
Barrett's hypothesis that imagery would reveal itself in tests e.g.
Flags, Cube Surfaces requiring visualization was confirmed. Imagery 
was tjf less importance in tests requiring recognition of shapes and of 
no importance in tests of reasoning, albeit based on shapes e.g.
Progressive Matrices. In his later investigations Barrett propounded 
the hypothesis that "a relationship exists between the alpha rhythm of 
the EEG and the mental process of visualizing" (1956 p.101). He used 
two problems, one designed to elicit visual imagery, the other not, the 
subjects undertook both with eyes closed. The hypothesis was not 
supported by the results; visual imagery in problem solving was associated 
with some suppression of the alpha rhythm but not to the same extent as 
when visual perception was taking place and the suppression of the alpha 
rhythm was not restricted to brain events associated with visual processes. 
Barrett concluded that it occurs in situations where concentration or
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attention giving is required.
The latest phase of Piaget's work to which reference was made at the 
beginning of this section has coincided with, if it has not been influenced 
by, the renewed interest in mental imagery. His monumental book on the 
subject (Piaget, 1971) is of importance to the development of this thesis 
on three counts. First, the book is a study of the origins and development 
of imagery and many of the investigations have been designed to evoke 
spatial imagery. Second, the book throws fresh light on Piaget's thinking 
about the mechanisms linking sensation, perception and operations.
Third, the book exposes spatial imagery as an area with special features 
and a distinctive relationship to operations. It is these second and 
third aspects which require immediate attention.
The introduction of mental imagery into the logical situation created 
by the dichotomy between static figurative knowledge and dynamic operational 
knowledge produces an immediate problem of classification. For mental 
images are evidently not static and are capable of figural transformations 
which need to be related to the logical transformation of operations.
Leaving’.the question of evolution of images on one side for the present, 
Piaget raises a series of questions in analysing the problem (Fraisse and 
Piaget, 1969, p.91). In the present context the following seen crucial:-
(a) Are images a direct extension of perception or do they 
arise from imitation behaviour particularly graphic 
imitation, i.e. drawing?.
(b) How are images related5to thought? Piaget maintains 
that operations proper lie beyond imagery but he is 
interested to know if imagery can prepare the way and 
perhaps encourage the functioning of operations.
(c) Do spatial images have a special relationship to 
operations in view of the recognised phenomenon of 
geometrical intuition?
With regard to question (a), Piaget argues (Piaget, 1971, p.7) that 
if the image is merely an extension of perception it should be possible 
for any new perception to be translated into an image. If, on the other 
hand, the image is an internalized imitation "the subject will generally 
only imitate what he can comprehend or what he is near to comprehending."
The quotation at this point is deliberate because Piaget's argument is
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less than cohesive. He goes on to argue that imagery reproduces eye 
movement i.e. sensory motor activity but not field effects. The argument 
is difficult to summarise as indeed are the findings at the end of the 
book but Piaget seems, in effect, to be making voluntary activity by the 
individual a necessary condition for mental imagery. Whether or not this 
type of voluntary activity could be described as a primitive form of 
cognition is a matter for debate. Certainly perception (as defined by 
Piaget) is not regarded as a basis for imagery (Piaget, 1971 p.366).
Turning to the relation of imagery to thought Piaget speculates on 
the need for an agency to exist between "the representation as experienced 
and perceived by each individual and the general concepts? And is it not 
precisely the mental images which constitute such a system ...?" (Piaget, 
1971 p.10). Piaget goes on to make the interesting point that there is 
an aspect of adult thought which is uncommunicable and personal which may 
be linked to the egocentrism of the young child and that it is associated 
with the presence of imagery. He argues that imagery for the adult 
‘concretizes* abstract thought and also stands in place of operations for 
the pre-operational intellect of the child. But the distinction is made 
between imagery serving abstract thoughts as in the case of a mathematician 
and imagery prior to abstract thought. In the latter case it can be a 
hindrance to abstraction and development suggests a mechanism analogous 
to the decentration to be found in perceptual activity.
For Piaget, the function of the image is to ’designate* an object with 
its particular perceptual details and concrete figural characteristic 
albeit ’schematized* according to the individual and subject to error.
A concept, on the other hand abstracts the constituent characteristics 
of the object. Words designate concepts as images designate objects.
So runs Piaget’s general argument; but spatial images present a special 
case. In the first place spatial images^ as in geometry are the only images 
which have forms which are isomorphic with the form of the figural data 
and this applies, according to Piaget (1971 p.317) in three dimensions 
as well as two. Secondly, and partly arising from the first point, spatial 
images appear to be transformable without resort to logico-arithmetical 
operations (for example see Skemp, 1971 Chapter 6). The "field of spatial 
images is the only one where images of transformation are situation on the 
same plane as static images" (Piaget and Inhelder 1969 p.137). Nearly all 
the references in Piaget on spatial transformation are to geometry, probably 
because that subject lends itself to proof by an alternative logical argument
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that a transformation has taken place but the phenomenon of "seeing in 
space" is evidently not restricted to geometry in Piagets own view since 
there are references to draughtsmen and geomorphology (Piaget and Inhelder 
1969 p. 141> 1971 P*317)« In fact, the great majority of the tests employed 
by Piaget are compatible with Definition B of spatial ability which was 
given at the end of the last chapter i.e. they involve isometric trans­
formations .
Piaget’s experiments in mental imagery fall into two classes. There 
are those in which children are asked to imagine a particular situation 
involving real objects i.e. possessing both form and content, and others 
in which the data are spatial i.e. possessing form but not content as in 
a geometrical figure. In the first class the image evidently represents 
a static state which may facilitate a logical deduction but is not 
responsible for it. In the second class "imagery reaches a peak of 
precision • • • • but this does not mean that images are the only factors 
in play”. (Piaget, 1971 P*350)» Piaget argues that operations beyond 
imagery are essential for geometrical "intuition" to take place, although 
the functional interaction between image and thought is peculiarly 
intimate.
As illustration of this discussion one may take the experiments on 
folds and holes described by Piaget (1971 p.220). In the simplest case 
a child was asked to watch whilst a sheet of paper was folded in two.
He was asked to draw it as it would be when unfolded with the position 
of the creases marked. In more difficult variants semi-circles were cut 
along the folds and the child was asked to show in his drawing where 
holes would appear when the paper was unfolded. In the most difficult 
case the paper was folded three times and one semi-circle cut produced 
four holes. The percentage success for children aged 11 - 15 for the 
cases where the paper was folded three times i.e. into 8 panels was 7% 
when holes were cut at the centre points of the creases and 29% when 
they were made at the comers. The children were also asked to formulate 
the rule determining the number of holes when cuts were made on the edges 
or at the comers. About a third of the 11-15 year olds succeeded in 
doing so. Piaget comments (1971 P»225) briefly that the anticipatory 
image in this experiment is formed in conjunction with the operations 
but that the link between them may be more complex than in the earlier 
instances. "We have to determine (a) whether geometrical ’intuition* 
is primarily imaginal or whether it is essentially operational and (b)
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what relationship there could he between these two possibilities" (Piaget 
1971 p.317).
Nearly all the images studied by Piaget are spatial as he himself points 
out (1971 P*317)» One may» therefore, translate the quotation into a form of 
words appropriate for this thesis and ask whether visuo-spatial ability 
primarily results from visualization or whether it is essentially logical in 
nature, Piaget answers his own question as soon as it is asked. There is, 
for him no exception to the rule that logic is supreme. "Geometrical 
intuition is essentially operational and it is the system of operations it 
entails that makes it meaningful as a network of *signifieds*" (Piaget 1971 
p. 350)• "When the spatial images become anticipatory under the influence 
of the operations, they start to play a supporting role as an auxiliary in
deduction the image - operation collaboration only begins to come into
effect with the emergence of concrete operations". (Piaget, 1971 p.349)*
It cannot be claimed however, that Piaget has either shown a theoretical 
link between visualization and logic or demonstrated one empirically. What 
hypothesis will account for the difficulty experienced by many adolescents 
and adults (most of whom are able to employ formal operational thinking) in 
carrying out the folds and holes experiment? There is no escaping the 
provisional conclusion that formal operational thinking is not a sufficient 
condition (even if it is a necessary one) for the solution of such a problem. 
The presence of visual imagery may be another necessary condition, possibly 
even a sufficient condition (in which case Piaget fs formulation is not 
correct). Or there may be yet another necessary condition e.g. eaqjerience 
with the test material.
These doubts are reinforced by the findings of Shephard and Peng (1972) 
who investigated the times taken by students on an undergraduate course in 
Psychology to imagine how a two dimensional shape would appear when folded 
up. The wide range of individual differences which appeared seemed unlikely 
to be a function of operational ability. In reviewing the investigation 
the authors came to the conclusion that mean reaction times were affected by 
the number of folds required and the number of surfaces affected by each fold. 
However, they took the view that the tasks could not have been performed by 
verbal means.
Perception. Cognition and Information Theory
The psychological problems surrounding the relations of spatial ability 
to perception and cognition have been evident since the 1 forties (see
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Chapter l) and intersect the philosophical plane on which visuo-spatial 
perception and visuo-spatial imagery can be shown to have special positions 
within a general theory of perception.
One issue involved is described as follows by Attneave (1954 p. 187) when 
describing how the coding of a complex line figure may be shown by the way in 
which dots are placed:- ’’where does perception leave off and inductive 
reasoning begin). The abstraction of simple Homogenities from a visual field 
does not appear to be different in its formal aspects from the induction of a 
highly general scientific law from a mass of experimental data. Certain 
subjective differences are obvious enough: thus reasoning seems to involve 
conscious effort, whereas perception seems to involve a set of processes 
whereby information is pre-digested before it ever reaches awareness. VJhen 
extrapolations are required of a subject in an experimental situation, however, 
it is difficult or impossible for the experimenter to be certain whether the 
subject is responding on an * intuitive* or a * deliberative* basis. I do not 
know any solution to this problem and can only suggest that a limited control 
may be exercised by way of the establishment of a desired set in the subject.”
Another issue is the question of learning. Visual pattern recognition 
seems to imply that either the particular pattern or one of the same class has 
been seen previously. This may indeed be the case if the spatial pattern 
concerned is of the type described by Skemp (1968) in which a spatial element 
such as the route from a station to a particular building becomes linked with 
another route to form a mental map. But it does not fit the organization of 
data described by the Gestalt theorists which appears to be unlearned and which 
goes beyond the simple laws of organization such as continuity and proximity.
An important article by Zuckerman and Rock (1957) summarises a great deal of 
evidence on this point. They conclude (p.280) that ’’There is no evidence that 
recurrent observation is necessary .... for a circle and a triangle, for example 
to appear as distinct forms” that the perception of forms is not affected by 
experience and that, as in tests using the Gottschaldt embedded figures, the 
unlearned laws of organisation outweigh the learned propensity to perceive the 
figures •
Cognition and^by implication, learning are clearly essential in the 
perception of symbolic forms. Is it possible to conceive of an alternative 
process, restructed to non-symbolic data which does not involve learning? This 
of course, is the case on which the gestalt school rested a general thesis. In 
Koffka*s words "... the ideational field depends most intimately upon the 
sensory and any means that enable us to become independent of immediate
perception are rooted in perception, and in truth, only lead us from one
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perception to anotner.• ^ouxa, ±7^4 p*4yj» 00, xor xne gestait 
psychologists, there is no distinction to he made between cognition and 
perception and later exponents such as Wertheimer (1959) who wrote on 
’productive thirikiig* described the process in terms such as ’insight*, 
restructuring* and ’closure*.
The general model proposed has long since been shown to be highly 
unsatisfactory, particularly in connection with the establishment of concepts 
and deductive reasoning. If, however, discussion of it is restricted to 
exercise of spatial ability in accordance with the definitions proposed, the 
critical issue becomes that of when and how the desired manipulations are to 
be carried out except where they occur as random activity.
It is apparent therefore that some learning is involved in situations 
involving the exercise of spatial ability where activity is directed in whole 
or in part from outside the visual field. In a simple case, such as the 
comparison of one spatial form with another the non-perceptual direction is 
merely the trigger and concepts may not be employed. In a more complex case, 
such as section drawing from a map, concepts such as co-ordinates, direction 
and scale are required. In the creation of graphic art there may be no 
immediate percept at all.
As the quotation from Altneave indicates, the process of induction is 
the first stage in the exercise of spatial ability. In that, it does not 
differ from scientific thinking. But the similarity appears to end there 
for whereas scientific thinking proceeds through propositional logic to the 
formation of hypotheses, spatial ability operates through the non-logical 
manipulation of data without reference to its attributes. Consequently, it 
seems probable that there is a closer relationship between the information 
content of the stimulus presented for a spatial exercise and the ability to 
carry it out than is the case for logical operations. This difference, of 
course, does not rule out the possibility of coding learned spatial material 
as undoubtedly happens e.g. in the case of chess gambits and geometrical 
constructions. However, spatial transformations, of their nature, affect 
the whole set of data simultaneously e.g. the simple rotation of a complex 
closed shape involves change in the direction of all the lines.
Consequently, human capacity to process uncoded information (in the 
technical sense used in Information Theory) appears to be an important determ­
inant of spatial ability. Measurement of the amount of information presented 
is an essential first step and some progress has been made - particularly 
in relation to dot patterns and shapes. The grid shown in Diagram A 
Fig 4.4 contains 8 x 4 = 52 squares. If it is stated in advance that
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there is only one dot and that it can occur in any one of the squares, 
the information provided by its appearance in the particular square is 
given by the formulae
A = 2H or H = log 2^
where A = the number of alternatives and H the amount of information - 
in this case 5 bits. In Diagram B there are 12 squares each one of which 
may or may not contain a dot. Thus the information provided by the 
presentation of the pattern is 12 bits.
THE MEASUREMENT OF INFORMATION IN DOT PATTERNS
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Fig. 4.4
KLemmer and Frick (1953) showed that the position of a single dot in 
a matrix could be reproduced correctly for grids of up to 22 positions but 
that errors occured beyond that point so that the maximum transmitted 
information remained constant at about 4.4 bits whatever the size of the 
input. This type of experiment has been used by many investigators, 
notably Attneave (1954, 1955) Garner (1962) and French (1953, 1954) to 
test hypotheses on the effects of redundancy and the spacing of dots. A 
good recent discussion of the problems appears in Corcoran (1971). As 
Attneave (1954) showed dot patterns are useful not only as measurable 
stimuli but also for the light which they throw on the coding used in 
the perception of complex shapes. The efficiency of perception seems to 
depend in the first instance on spacing. Collins and Eriksen (1967) showed 
that up to four letters lying within a distance subtended by 1° of arc 
from the eye could be scanned almost as quickly as one but that additional
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time was required for points outside that angle - presumably additional 
eye movements. On the other hand, more stimuli are required for dis­
crimination of one pattern from another, French (1954) found an improve­
ment in discrimination for an increase in dots up to seven and a decrease 
thereafter, Attneave used a matrix with 12 squares, any of which could 
contain a dot, for work on redundancy. Although there were a number of 
errors the information transmitted appears to be appreciably higher than 
4.4 bits suggested by the work of KLemmer and Frick. Attneave commented 
(1955 P.214) that in his experiment subjects tended to recall the location 
of dots rather than whether successive squares were dotted which suggests 
that the relationship of information to the number and arrangement of 
stimuli has still to be worked out even if coding is not involved. It 
is also clear that where the experiment involves fsame or different* judge­
ments rather than identification perception can take account of much 
greater numbers of stimuli mainly because there is little or no load on 
short term memory (see Corcoran, 1971 p.28). Attneave (1954) raises the 
interesting and important question for spatial ability of the behaviour 
of an observer when the visual field contains information much in excess 
of his processing capacity:- **it appears that ».. he treats those 
components of information ... as a statistician treats error variance, 
averaging out particulars.” (p. 188).
Attempts to apply information theory to visual stimuli have not been 
restricted to dot patterns. A long series of experiments beginning with 
the work of Attneave and Amoult (1956) has been conducted without finding 
a satisfactory set of measures of visual form. Certainly there is no 
satisfactory formula for expressing visual form in terms of information 
content because, as Brown and Owen (1971) point out information theory 
applies to *how much* and not to *what kind of*. For this reason they 
suggest that each shape can be described as having a ’logon content’, the 
different types of variation and a ’metron content’, a measure of the 
amount of each variation. Michels and Zusne (1965) have produced a useful 
classification of changes in spatial forms :-
1) Transitive changes involving inflections e.g. more 
irregularities. These produce a change in information 
content.
2) Transpositional changes e.g. in rotation or area. These 
do not involve changes in information or structure.
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3) Intransitive changes i.e. in shape but not in the
relation of sides e.g. a triangle made thinner. These 
involve a change in structure but not in information.
Evidently, transitive changes correspond to topological transformations, 
transpositional changes to isometric and similarity transformations and 
intransitive changes affine and projective transformations. However this 
classification does not take other significant qualities such as compact­
ness, symmetry and elongation into account and nearly all investigators have 
found that it is more or less these qualities which account for perceived 
complexity. Individuals vary. Silver, Landis and Messnuk (1966) found that 
no one measure of the complexity or geometry of a visual form serves to 
describe the dimensions used by individuals but four factors account for most -
1) Complexity i.e. number and size of independent turns 
in perimeter.
2) Variation in angles.
3) Dispersion
4) Angle of rotation.
Shephard and Metzlar (1971) investigated the time required by adults to 
determine whether or not pairs of two-dimensional representations of objects 
were identical. Each object was made up of 10 solid cubes and the subject 
was asked to choose from a selection containing rotations of the original and 
rotations of its mirror image. Reaction times increased as a linear function 
of the angle of rotation, the rate being approximately 1 second per 60° rotation. 
Reaction time appeared to be unaffected by whether the rotation represented was 
in depth or in the same plane as the original.
A Partial Model of Spatial Processes
A recent publication by Newell and Simon (1972) provides evidence in 
support of a partial model, through a further analysis of chess (cf de Groot, 
1965). As they remark "The human player has no way to squeeze all the 
information out of each new observation on the board: dealing with hypotheses 
seriatim thrown away much information but makes the cognitive task manageable11 
(p.752). The formation of hypotheses takes place as part of cognitive 
activity in three phases described as:-
(a) Selective search
(b) Progressive deepening
(c) Exploration and verification in favour of a particular move.
The search is comparatively rapid - eye movement records show that
the average is 4 fixations/second which includes the piece fixated and 
others within 2° of arc. This does not vary much from individual to
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individual but there is an enormous difference between good and novice 
chess players in the ability to reproduce the situation on the board 
after a given period of search. What evidently happens is that 
experienced players acquire a system of coding which enables them to 
reduce the configuration to 9 or fewer chunks. The system of coding is 
linked to specialised concepts which not only describe the situation but 
also convey information about probable outcomes.
The later stages of the process are explorations of particular 
patterns manifest on the board each of which may have one or more moves 
as possible outcomes. Here again, the concepts possessed by the good 
player enables him to discard whole groups of patterns in the particular 
situation and to concentrate on long range outcomes for a few.
It seems therefore that processing spatial material is, in a broad 
sense, similar to other forms of inductive thinking. What Horn (1968) 
terms the 'anlage' functions i.e. elementary capacities involving the 
central neural organisation, are combined with products of accultivation 
such as concepts and heuristics. However, the 'anlage* capacity may 
frequently be a critical determinant of spatial ability simply because 
it controls the amount of information which can be made available for 
process. Although Newell and Simon's work demonstrates the effect of 
coding in chess it is probable that, in the simpler types of spatial test, 
very few people have concepts other than those derived from incidental 
learning on which to call. As Myers (1957 p.3) points out "there are 
many methods of problem solving with spatial materials and none of them 
are widely taught except the methods of formal geometry. Thus the 
subjects who are confronted with the task of completing a spatial relations 
test are not prepared with an organised method of approach, nor is it 
likely that they will have had such an extensive body of closely related 
experience that they will easily select the best method". Myers goes 
on to remark that although some people find spatial tests an interesting 
and stimulating challenge, there are others for whom the tests are 
disturbing and unsettling. The presence or absence of relevant incidental 
learning is also culture determined and could account for the considerable 
differences on spatial tests between ethnic groups e.g. West Indians and 
Eskimos. (Vernon 1969).
At the heart of the matter is the process involved in what Newell 
and Simon describe as phases of 'progressive deepeningf and 'exploration'. 
This may involve the use of logical operations, or visualization or some
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combination of both. In this connection, the results of investigations 
by Zimmerman (1954^ ) to which a passing reference was made in Chapter 1 
are of interest, Zimmerman tested the hypotheses that by increasing the 
difficulty of spatial test items the factors of perceptual speed, spatial 
relations, visualization and reasoning were called into play in that order. 
By using a test named 'Visualization of Manoeuvres' which was available 
in three forms of differing difficulty he demonstrated three factors but 
was unable to find one corresponding to reasoning ability. Zimmerman 
took the view that his finding disposed of the distinction made by 
Thurstone and widely adopted between rigidity and flexibility of closure. 
This distinction also partly underlies the separation of the SR-0 and 
Vz factors for American psychologists. Zimmerman placed them instead 
on a continuum of increasing difficulty pointing out that a test which 
requires a subject to imagine an object from above calls for 'spatializing' 
ability i.e. body orientation whereas the same problems can often be 
solved by visualizing the rotation of the object - a more intellectualized 
form of activity. Zimmerman pointed out in this connection "that the 
difficulty of any one item will differ among subjects and that the 
points on the continuum where each one of these factors enters will, 
therefore vary among subjects." (1954^ p.399). However, his approach 
could not take into account the possibilities that one or other method 
would prevail if subjects were given the opportunity for practice or that 
individual characteristics might cause one method to be preferred to the 
others even when the test difficulty was increased.
In fact, evidence about the effect of practice on performance in 
spatial ability tests is scarce. A longitudinal study over four years 
by Blade and Watson (1955) of students on engineering courses showed a 
substantial improvement in scores on a Spatial Relations Test early in 
the course and continued, although smaller improvements later suggesting 
that performance reaches a plateau. The question of what kind of 
experience is most effective in producing an improvement has not been 
resolved. Myers (1958) found no significant difference between the 
performance on a spatial test of a group of Naval Academy candidates with 
previous training in mechanical drawing and another group which had not 
received such training. Stringer (1971) found a similar lack of difference 
between the scores of architectural students with relevant previous 
experience and those without. On the other hand, after an experiment in 
which the group with experience was divided; some members taking a 
specially designed drawing course, whilst other pursued an analytic
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approach, Stringer found a significant difference in favour of the 
drawing group on a space relations test although not on other spatial 
tests. It seemed that the difference in improvement had been limited 
to results on a test which used material very similar to that employed 
in the drawing course.
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CHAPTER 5
THE DEVELOPMENT OF VISUO-SPATIAL ABILITY I: PSYCHOMETRIC EVIDENCE
The intentions of this chapter and the one which follows are to 
review evidence about the first appearance of visuo-spatial ability in 
children, its development as far as the early ‘teens and corresponding 
development in the functions which appear to be associated with the 
ability. As was shown in Chapter 4, these functions appear to include 
perceptual processes, notably scanning and short-term memory, the use 
of imagery and operational thinking. The questions of how far any, or 
all, of them and visuo-spatial ability itself can be improved as the 
result of learning are closely related.
As was shown in Chapter 1 nearly all the early investigations and 
many which are more recent, concentrated on the factorial analysis of 
test results. The interpretations are open to doubt and difficult to 
compare with each other but nevertheless they do provide a weight of 
evidence from which rather general conclusions can be drawn about the 
emergence of visuo-spatial ability and its subsequent development. This 
evidence is reviewed below.
Development over the same period in the processes which appear to 
be involved in the exercise of spatial ability and which are a principal 
concern of this thesis must also be the subject of review. This entails 
the consideration of a large body of mainly recent evidence, some 
descriptive and some experimental, which takes place in Chapter 6.
In Chapter 1, reference was made to the work of T.L. Kelley (1928) 
who obtained evidence for a spatial factor by testing children in the 9 
to 13 age range using a battery of five tests including one which required 
the manipulation of geometric forms. The results from the younger children 
led him to divide the factor into Spatial 1 (£) - involving a sensing and 
retention of geometric forms and Spatial 2 (&) - involving manipulation. 
Kelley also identified £ and Q from tests undertaken by kindergarten 
children and concluded (1928 p.149) that they represented independent 
categories of mental life from a very early age - probably from birth. 
However, he did not identify Q results from the oldest group tests. No 
explanation was offered for its disappearance.
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Kelley’s work seems to have been the first attempt to throw light on 
the development of spatial ability. Most of the psychometricians who 
followed him in pursuit of a group factor associated with spatial ability 
used groups of subjects over 11 years of age and did not apply their tests 
to more than one age group. Moreover^ there was no agreement among them 
on a characterisation of the k factor or other factors which frequently 
emerged when the results of tests using spatial material were analysed.
These features in the history of the subject are well exemplified by the 
results from Slater’s investigation (1943) in which a large battery of 
tests including spatial material was administered to two groups of 
children aged 11 and 13. Slater’s own analysis produced no evidence of 
a spatial factor at either age and he attributed this to the immaturity 
of his subjects. This explanation, however was not accepted by other 
investigators such as Emmett who found a spatial factor by re-analysing 
Slater’s results. As an alternative approach Spearman and Wynn Jones 
(1950) suggested that some of Slater’s spatial tests could be solved in 
more than one way. The discussion on ’the paradox of Slater’ is summarised 
by Macfarlane Smith (1964 p.64-67).
Most of the early findings which throw light on development are 
mentioned in an article by Emmett (1949). In it, he refers to an interesting 
investigation carried out by Mellone (1944) with children of about 7 years 
of age. Factor analysis showed that on some tests e.g. those which required 
the identification of a mirror image or a missing part to complete a shape, 
the results from boys could be interpreted in terms of three factors - g, 
v and k - the last having loadings of about 0.5. The k factor, however 
did not reach significance in the analysis of the girls results. Mellone 
also reported that on these same tests there was a striking sex difference 
in favour of boys. Emmett (1949) used a similar counting test with children 
aged about 11 and showed that the sex difference persisted at that age 
although it was reduced.
During the same period Drew (1947) carried out a large scale investi­
gation including some spatial tests on boys aged 11, 12, 13 and 16. However 
he did not identify a spatial factor in results for the two younger groups. 
Other workers re-analysed the results from the 11 year olds using different 
statistical techniques and showed that the findings could be interpreted in 
terms of a spatial factor. In an American study in 1948, Swineford used 
her own spatial test material with children in grades 5 to 10 i.e. the 
same age range as that used by Drew. Her results showed a marked sex
- 64 -
difference in favour of boys at all grades but with very little evidence 
of strengthening in the spatial factor over the period. In any case 
correlations of the spatial factor with the test material were low, the 
highest being 0.3.
Much of the research on spatial ability which took place on this side 
of the Atlantic in the immediate post war period was associated with the 
design of selection tests. Despite the conflict of opinion which is 
summarised above there was widespread acceptance of the idea that spatial 
ability could be identified separately from general intelligence at the 
age of 11. As a result a number of group spatial tests were compiled for 
this age group by the National Foundation for Educational Research, and 
by Moray House. The availability of this material led in turn to a number 
of validity and follow up studies. Several of these are shown in tabular 
form by Macfarlane Smith (1964).
The relevant results of these studies may be summarised as follows:
(a) Results from the Moray House Space Test I, taken at the age
of 11 were correlated with marks in various school subjects 
after one year. A correlation of more than 0.5 was obtained 
between the two dimensional elements of the test on the one
hand and marks in geometry, science and technical drawing
(separately) on the other. Comparable correlations between 
the three dimensional elements of the test and these subjects 
were all lower than 0.5.
(b) Results from Moray House Space Test I taken at the age of
11 were correlated with performance in technical examinations
after five years. The only significant correlation (0.05 
level) found was with an internal examination in engineering 
drawing.
(c) Results from Moray House Space Test I taken at the age of
13 were correlated with performance in technical examinationsLev&V)
after three years. Significant correlations (0.05]\were 
found with metalwork, woodwork, geometrical drawing, building 
drawing and building geometry.
(d) Results from N.F.E.R. Spatial Test I taken at the age of 11 
were correlated with performance in G.C.E. examinations after 
five years. Significant correlations (0.05 level) were found
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with metalwork, mechanical science, art, mathematics and 
chemistry.
(e) Results from N.F.E.R. Spatial Test I taken at the age of 13
were correlated with performance in G.C.E. examinations after 
three years. Significant correlations (0.05 level) were 
found with engineering drawing, metalwork and woodwork.
Details of the Moray House and N.F.E.R. Tests are given in Fig.5.1 
(Insert 5A).
These results seem to show that whatever distinctive ability the 
British spatial tests measure seems to reside mainly in the two dimensional 
elements. Renshaw*s work (1956) provides corroborative evidence on this 
point. It also seems that whilst spatial ability is more than a mere 
statistical construct at the age of 11 it does undergo development between 
11 and 13.
A large proportion of the factorial studies which provided the basis 
for the theories about spatial ability reviewed in Chapter 1 were made on 
tests undertaken by children in the 13 to 16 age group. Unfortunately 
there is hardly any evidence from British sources which throws light on 
the development of the ability in the last few years of compulsory schooling 
and during the later ’teens. In part this is due to the absence of a 
comprehensive test, comparable with those available for the 11-13 age group 
and to the difficulty of including a repeated measurement programme in a 
curriculum already over full with examinations. The investigation carried 
out by Taylor (1960) using a large battery of tests on children with an 
average age of 14 years 4 months yielded evidence that spatial factors were 
more strongly differentiated from general intelligence than is the case 
with children at the age of 11. It did, however, show a strong sex 
difference in favour of boys on the N.F.E.R. Spatial Test I and the N.I.I.P. 
Memory for Design Test marked for correctness of proportion. Taylor 
identified, not only factors which he associated with general ability and 
spatial ability but one which differentiated the ability to manipulate 
shapes mentally from the perception and retention of shapes. This is an 
interesting revival of Kelley’s view although it will be recalled that the 
latter was unable to find evidence for the differentiation among older 
children. Moreover, in a contemporary investigation in the 14-15 age 
range Werdelin (1958) produced evidence of only one spatial factor and
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DESCRIPTION AND CLASSIFICATION OF SOME BRITISH SPATIAL TESTS
Name
University of 
Edinburgh 
(Moray House) 
Space Test 1 
(1947)
1.
Notes Classification according 
to intellectual task 
required (see Fig. 3.2)
5.
Ages 10:00-12:00 
Time 31 minutes
Imagining a 
string pulled 
tight.
Coun txrcg-“S quares
Identifying parts 
of letters.
Identifying areas 
of overlap between 
shapes.
Identifying a 
reflection.
Counting cubes 
used in a model.
Choosing blocks 
which fit together
Counting sides 
touched by blocks 
in a model.
Estimating shaded 
fractions.
Adding and 
subtracting parts 
of a circle.
5. Transformation (c) 
topological
2. Memory
1. Perception - recognition
3. Categories
5. Transformation (a) 
reflection
5. Transformation (a) 
rotation
5. Transformation (a) 
rotation
5. Transformation (a) 
and/or (b) 
rotation and/or 
projection
3. Logical and mathematical
5. Transformation (a) 
rotation
(Co n tin o-C-cQ
Insert: £  A
Name Notes
University of 
Edinburgh 
iMoray House) 
Space Test 2 
(1955)
1 .
2 .
4
Ages 10:00-12:00 
Time 49 minutes
Counting squares. 2. Memory
Counting cubes: 5
Classification according
to intellectual'task
required (see Fig. 3.2)
Counting sides 
touched by blocks 
in a model.
Identifying areas 
of overlap between 
shapes.
Adding and 
subtracting parts 
of a circle.
Identifying a 
reflection.
Choosing blocks 
which fit together.
Identifying a 5
rotated reflection.
Identifying shapes 5 
fitted together.
Identifying a 5
model made from 
a cut out.
Transformation (a) 
rotation
Transformation (a) 
and/or (b) 
rotation and/or 
projection
3. Categories
Transformation (a) 
rotation
Transformation (a) 
reflection
Transformation (a) 
rotation
Transformation (a) 
rotation
Transformation (a) 
rotation
Transformation (a) 
rotation and change 
from 2 to 3 dimensions
C c on fc i n u &■ cl )
Name Notes Classification according 
to intellectual task 
required (see Fig. 3.2)
University of •
Edinburgh 
Space Test Adv. 1 Not standardised
(1959)
1 . Identifying a 
shape when 
rotated.
5. Transformation (a) 
rotation
2 . Identifying 
shapes fitted 
together.
5. Transformation (a) 
rotation
3. Identifying an 
. object turned 
over and round.
5. Transformation (a) 
and/or (b ) 
rotation and/or 
projection
4. Fitting parts 
of a block to 
make the xvhole.
5. Transformation (a) 
rotation
5.
-
Counting sides 
touched by blocks 
in a model.
5. Transformation (a) 
and/or (b) 
rotation and/or 
projection.
!
C Co n t 1 n u eT-cl J
!Name Notes Classification according
to intellectual task
required (see Fig. 3.2)
NFER Spatial 
Test 1 (1950)
1. Fitting Shapes
2. Form 
Recognition
3. Pattern 
Recognition
4. Shape 
Recognition
5. Comparisons
6. Form
reflections
NFER Spatial 
Test 2 (1951)
1. Match Box 
Corners
2. Shapes and 
Models
3. Square
completion
4. Paper folding
Ages 11:00-13:11 
Time 1 hour
Drawing lines to 
to dissect a 
figure into given 
shapes.
Hidden figures 
(Gottschaldt type)
5. Transformation (a) 
rotati.on, reflection
1. Perception - Recognition!
2. Memory
5. Transformation (a) 
rotation
3. Logical relations
5. Transformation (a) 
reflection
“a line to 
represent a given 
pattern of crosses
Recognition of 
rotated shapes.
Relations between 
shapes .
Drawing a 
reflection.
Ages 10:7-11:6 
Time 45 minutes
Choosing the right 5. Transformation (a) 
corners of a rotation
perspective drawing.
Choosing a right 
cut out to make a 
model.
Choosing a shape 
to complete a 
square.
5. Transformation (a) 
rotation and change 
from 2 to 3 dimensions
5. Transformation (a) 
rotation, reflection
Identifying a cut 5. Transformation (a) 
out after unfolding rotation 
(2 folds)Implies •
the use of 3 
dimensions.
5. Block building Choose the number 
of smaller blocks 
required to build 
a larger one.
5. Transformation (a) 
rotation
C C-O v\ t- > y~i tJ & ^ ) I
Insert -5' f\
J
Name Notes Classification according
to intellectual task
required (see Fig. 3.2)
NFER Spatial 
Test 3 
(Newcastle) 
(1959)
1.
Ages 10:00-11:2
Matching sections 
to representations 
solid models.
5. Transformation (a) or (b) 
Rotation or projection {
2 .
3.
Matching a plan to 5. Transformation (a) or (b) 
model*— —  Rotation or projection
Matching part of 
a model to a 
developable 
surface.
5. Transformation (a) :
Rotation and change from 
3 to 2 dimensions
4.
5.
Matching a section 5. Transformation (a) 
to a representation 
of a solid model.
Matching a shape 
to a framework of 
crosses.
2. Memory
6 . Counting shapes 
used in a model.
Fig. 5.1
5. Transformation (a) or (b) 
Rotation or proj'ection ;
Insert 5A
In Chapter 1 brief consideration was given to the present state of thought 
on spatial ability in North America, where Michael (1957) made a summary in terms 
of three conceptually independent factors albeit, correlated to some extent. Two 
of these, SR-0 (Space relations and orientation) and Vz (Visualization) clearly 
relate to visuo-spatial ability. Psychometrically, they overlap considerably; 
the authors of the Manual of Reference Tests (French, Ekstrom and Price 1963) 
comment that the distinction between the two factors is often not clear "because 
of tests having loadings on both and because the two factors seem so similar 
psychologically.n (p.38)•
In commenting on the American studies Vernon (1961 p.l60) took a somewhat 
similar view, that although V2 might constitute the essence of the ability 
designated by the British k-factor it was difficult either to accept the groupings 
of factors proposed by Michael (1957) as SR-0 and K or to distinguish them from a 
broader space factor.
Different factorial interpretation must be set in the context of a larger 
conceptual problem involving the role of perception in spatial ability. In 
Chapter 4 it is argued, not only that it is difficult to separate perception and 
cognition formally, but also that those who attempt the distinction are frequently 
unable to carry it through in practice. This is a problem which is not confined 
to North America but which is sharply delineated by various attempts there to 
construct comprehensive batteries of cognitive tests. It is therefore necessary 
to add to Michael’s list of factors, two others derived from Thurstone’s study 
(1944)* At that time the latter described them as Factor A and Factor E. They 
have since become known as Closure Factors - 1 (Speed of Closure) and 2 
(Flexibility of Closure). The confusion of the situation is such that the British 
k factor is equated by Macfarlane Smith (1964 P«69) not with SR-0 or Vz but with 
Closure 1. At the same time C. T. Myers (1959) in a review of the N.F.E.R. Spatial 
Tests, comments that two of the elements "are probably measures of Thurstone’s 
second closure factor which has generally proved to be more valid than the first 
for most of the purposes for which spatial tests are used" (p.885).
It is necessary to write this preamble to show how uncertain are comparisons 
among the reports of more recent investigations in the field of spatial ability 
and particularly between results based on British and American test material. In 
fact there appear to have been few studies of the development of spatial ability 
in North America. It will be noted from Fig. 3*1 that on the basis of sources 
quoted by Guilford (1967) and Guilford and Hoepner (1971) only 8 of the 30 cells 
in the figural content plane of the S.I. Model contain tests which have been used 
with subjects younger than 14 years of age.
-  67 -
A pioneer study and unique for its period was reported by Schiller 
(1933). A large number of tests including the Army Beta test devised in 
1918 and a number of performance tests were administered to 9 year old 
children in New York. Schiller found evidence for language and numerical 
factors and a strong indication of spatial factor although this was not 
completely substantiated.
There seems to have been very little interest in North America in 
the spatial ability of younger children or in developmental studies from 
Schiller’s work until the early ’fifties. This gap may have resulted 
partly from the lack of appropriate test material since, until the 
construction of the Primary Mental Abilities (P.M.A.) battery by the 
Thurstones, no spatial test standardised for younger children existed.
Since that time the Differential Aptitude Test and the Educational Testing 
Service Reference Kit have been developed but these are not suitable for 
children under the age of 12.
The P.M.A. tests have been modified over the years but recent reviews 
in the Mental Measurements Year Book (Buras 1972) regard them as very out 
of date. In particular the space sub-tests for all age levels have 
attracted criticism because of their low reliability (0.74 has been found 
by the test-retest method although somewhat higher figures are given in the 
manuals)• Nevertheless they have given rise to a number of cross-sectional 
an^longitudinal studies^many of which have been summarised by Cattell (1971) 
in expounding the developmental aspects of his Triadic Theory of Intelligence 
(see Chapter 4) • Cattell does not subscribe to the generally held view 
that specific abilities are progressively differentiated with age. In 
analysing the results of research carried out among children between 3 and 
5 years of age he found no fewer than 12 primary abilities many of which 
appear to have a bearing on visuo-spatial ability:-
1. Motor speed
2. Memory for instructions
3. Verbal facility
4. Manipulative spatial skill
5. Perceiving relationships
6. Extracting explicit spatial relations
7. Fast cube manipulation
8. Visual form completion
9. Pyramid building
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10. Inductive constructive reasoning
11. Cultural level in visual matters
12. Visual perceptual memory
These primary abilities were subjected to further factor analysis, as 
results of which Cattell claimed to recognise a primary spatial ability 
factor loading on "motor speed" and "extracting explicit spatial relations" 
as well as a visualization factor loading on "visual form completion", 
"cultural level in visual matters" and "visual perceptual memory". Cattell 
regards spatial ability as an ‘agency* to which acculturation makes an 
important contribution whereas visualization is a ‘provincial power* 
related directly to a sensory area. This interpretation would be more 
convincing if there were some overlap in the loadings or if the visual­
ization loadings had been found in a larger group of abilities. Cattell 
noted a negative correlation between the spatial ability factor and 
"memory for instructions" and suggested that impulsiveness interferes with 
listening to instructions. This is an interesting observation since it is 
well known that young children have difficulty in inhibiting responses to 
immediate percepts. At the same time it raises the question as to whether 
Cattell*s spatial ability factor would more properly be described as 
perceptual speed.
The P.M.A. tests have also been used with children of primary age by 
9?yler (1958) and Beery (1968) in the United States and by Ifycock (1969) i*1 
this country. Tyler undertook a longitudinal study in which the same group 
of children were tested at the ages of 6, 10 and 14 years. Taking each 
ability in turn at each age, Tyler divided the group into three according 
to whether the ability appeared appreciably higher or lower than the over­
all I.Q. or about the same. She then applied a Chi-squared test of the 
association between patterns at successive ages. There was no significant 
relationship between the patterns for space ability at ages 6 and 10 but 
an association significant at the 0.02 level was found for the patterns 
at 10 and 14* Similarly the overall I.Q. at 6 years was a better prediction 
of performance on the spatial ability test at 10 years than was the spatial 
ability test score. For prediction from 10 years to 14 years however, the 
situation was reversed showing that greater differentiation of abilities 
and greater stability existed over that period. Beery (1968), in a cross- 
sectional investigation with children aged 6, 10 and 12 correlated the 
P.M.A. spatial ability test results with performance on a test of the 
ability to copy geometrical shapes. At ages 6 and 12 he found a higher
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correlation between overall I.Q. and the copying test than between spatial 
ability and the copying test but the reverse was true at the age of 10. In 
a study of British children with an average age of 9-£, using the P.M.A. 
tests in conjunction with Piagetian tests of spatial ability, Mycock (1969) 
found a spatial factor of a specific kind involving perception of similarity 
in geometrical figures. She also noted that the P.M.A. Space sub-test did 
not correlate highly with any of the Piaget space tests.
Two further studies in which the P.M.A. tests were used with older 
children deserve mention. Meyer and Bendig (1961) tested a group of 
American High School children at the age of 14 years and 3-J- years later, 
and carried out factor analyses at each age. They found that the structure 
of abilities was quite stable. The correlation of space scores for the 
two tests was 0.51 for boys and 0.77 for girls. Herzberg and Lepkin (1954) 
administered the P.M.A. tests to a group consisting of bright 16 year olds, 
average 17 year olds and less able 18 year olds. The scores of the 16 year 
olds were appreciably higher than those of the other groups and there was a 
sex difference in favour of boys significant at the 0.01 level. Space was, 
in factjthe only test in which the boys were superior to girls. However, 
this is the only investigation in which the P.M.A. space test was used 
where a significant sex difference has been reported. Mycock and Meyer 
and Bendig stated that no significant differences had been found, in contrast 
to results obtained from several researches in which British tests were 
used.
One further recent investigation along similar lines is of interest.
This was a principal components analysis of the sub-test intercorrelations 
of the Frostig Developmental Test of Visual Perception (Ward 1970) using 
correlations supplied in the test manual for 5, 6, 7 and 8 year old children. 
For the first three age groups only one factor was extracted which Ward 
interpreted as associated with general perceptual maturity. For 8 year 
olds, however, two substantial factors were found. Ward considered that 
the first was similar to that for the other age levels but the second he 
tentatively regarded as 'k'. This finding is of particular interest because 
it discriminates a specific ability within the visuo-perceptual area whereas 
studies involving a more heterogeneous group of tests have a much greater 
areas of uncertainty in interpretation.
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At this point it is appropriate to consider how far the findings above 
shed light on the timing of the first appearance and later development of 
visuo-spatial ability as defined in this thesis:-
A The power to examine sense data present in the visual field
for information related to the situation in the field.
13 The power to perform a visual transformation which can be 
defined in terms of a geometry.
It seems clear that although the Moray House and N.F.E.R. spatial tests 
were not constructed on the basis of these definitions they do contain 
material which fulfils both of them (see Fig. 5.1). This is also the case
with the Differential Aptitude Test and the Educational Testing Service
Reference Kit. However, the P.M.A. space sub-test for primary children 
does not contain material which satisfies Definition 13 and, in consequence, 
is difficult to distinguish logically from many perceptual tests and 
from perceptual elements in general intelligence tests. Indeed, as has 
already been shown, it is doubtful if the P.M.A. sub-tests justify separate 
consideration when used with children up to about the age of 9.
It can be argued that cognitive activity which satisfies Definition 
A alone demonstrates spatial ability and that position has not been ruled 
out. However, it seems evident that a test which is constructed to fulfil 
Definition A and B is a horse of a different colour from one which fulfils 
Definition A alone and that this should be made clear in the interpretation 
of the results of factor analysis. The P.M.A. test for younger children, 
should be included in the same category as the Wechsler and similar 
intelligence scales. The Wechsler Intelligence Scale for Children - WISC - 
(Wechsler, 1949) and the Wechsler Pre-School and Primary Scale of 
Intelligence - WPPSI - (Wechsler, 1963) have been the subjects of a 
number of factor: analyses, all of which have shown a second factor (the 
first being verbal intelligence) which has been variously labelled as 
'perceptual organisation', 'visual ability', 'space performance' (Maxwell 
1959, Cohen 1959, Mukherjee 1975). In the W.P.P.S.I. this factor has been 
shown to have loadings of more than 0.5 on the following sub-tests used 
with 4 year old children.
Mazes - finding a pathway
Geometrical design - copying shapes
Block design - forming a given pattern with blocks
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A similar pattern has been found for each age group up to the age 
of 6} (Mukherjee 1975). Using the WISC test Cohen (1959) found strong 
second factor loadings on Block Design and Object Assembly - making a 
picture from pieces - at 7} years, 10} years and 13} years and on Picture 
Completion and Mazes at two of these ages. Object Assembly and Picture 
Completion do not fulfil Definition A because they contain a representational 
element - i.e. not related to the situation in the immediate visual field.
For this reason and also because a speed element is critical in some of 
the sub-tests, the factor is best described by Cohen’s term "Perceptual 
Organisation." However, it would certainly overlap a factor of spatial 
ability which could be postulated theoretically.
A comparable investigation to those described above used the Merrill- 
Palmer Test with children of 3 to 3} years of age (Hurst, 1960). He found 
a weak sixth factor which loaded the following untimed tests:
Copying a circle 
Counting two blocks 
Copying a cross 
Manikin
Again, this provides some evidence of a distinct perceptual/spatial ability 
at an early age.
Further consideration can now be given to the work of Cattell on the 
revised assumptions that the spatial ability to which he refers is 
factorially not wholly distinguishable from other perceptual ability.
Cattell*s recent published work (1971) gives considerable attention to the 
development of the primary mental abilities and he has used T scores derived 
from the P.M.A. manuals to compare rates of improvement among the abilities. 
Figures shown are taken from a graph and are only approximate. /
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(a) Approximate scores related to a norm for 
8:10 - 9:3 taken as a standard (100)
ages
Spatial
Relations
Verbal
Meaning
Number
Facility
6:4 - 6:9 years 85 79 73
8:4 - 8:9 years 95 93 92
10:4 - 10:9 years 102 108 111
(b) Approximate scores 
13:10 - 14:3 taken
related to a norm for 
as a standard (100)
ages
12:4 - 12:9 years 95 92 93
14:4 - 14:9 years 100 102 102
16:4 - 16:9 years 102 106 108
(Cattell 1971 p.146)
Table 5.1
These figures must be treated with caution. In particular they do 
not over ride Tyler's (1958) finding that the prediction of scores from 
age 6 to age 10 for the individual P.M.A. sub-tests was no better than 
when the total score was used. However, the slow but steady improvement 
gradient in "spatial relations" by comparison with other abilities is 
conspicuous and may perhaps be attributed portly to a heavy dependence on 
visualization which Horn (1968) terms an 'anlage' function - an elementary 
capacity and therefore strongly influenced by motivation. In addition, 
unlike the other two primary abilities shown in the table above, spatial 
ability is not the subject of much systematic learning during childhood.
If one accepts Cattell's suggestion (1971 p.131) that girls are superior 
in those skills on which there is concentration in early schooling because 
they are more submissive it is possible that the comparative performance 
of the sexes in spatial ability tests is a function of the amount of 
appropriate experience included in the school curriculum. Fluid intelli­
gence - Gf (see Figs. 4.1 and 4.2) according to Horn and Cattell results 
from a combination of incidental learning with the 'anlage' functions 
whereas crystallised intelligence - Gc is envisaged as an array of methods 
and skills. On the argument above it would be expected that spatial ability 
would correlate more highly with Gf than with Gc and Cattell demonstrates 
this for "spatial relations" in a table which also shows the increasing
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importance of formalised methodology with age.
Correlation of Spatial Relations with fluid and crystallised
intelligence.
With Gf With Gc
9 - 1 2  0.73 0.03
13 - 14 0.32 0.14
(Cattell 1971 p.lll)
Table 5.2
The broad features of the situation presented by the psychometric 
evidence may now be summarised. It seems that from a very early age the 
ability to examine figurative material can be distinguished from verbal 
intelligence and is present throughout early and middle childhood without 
showing a marked developmental trend. In the factor analyses of the 
WPPSI (Mukherjee 1975) and WISC (Maxwell 1959) it accounts for between 
6% and 20% of the total variance compared with between 20% to 48% 
atrributable to verbal intelligence. An ability factor specific to non- 
symbolic and non-representational material begins to be distinguished in 
children from about the age of 7 onwards. The chronological age at which 
this factor makes its first appearance probably varies considerably from 
individual to individual but boys seem to manifest it earlier than girls.
Some of the tests used by Schiller (1933) and Mellone (1943) were 
designed to elicit Definition B spatial ability but other evidence on the 
appearance of this aspect of spatial ability before the age of 11 is very 
scarce. However, the period from 11-14 has received more attention than 
any other and the investigations by Macfarlane Smith and Taylor using 
British tests have been interpreted in terms of factors which appear to 
correspond to Definitions A and B. It is notable that investigations of 
this period of development and up to the late 'teens in which the P.M.A. 
tests were used have not been interpreted in terms of more than one 
spatial factor but those involving the D.A.T. and E.T.S. tests have given 
rise to the three factor interpretation proposed by Michael (1954). Some 
interesting additional evidence on this point is provided by Vandenberg's 
study of twins aged between 12 and 20 (1969) in whifah he found that the 
strongest significant differences between the correlation of monozygotic 
twin performance and the correlation of dizygotic twin performance (in
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favour of the former) occured on Definition A tests and distinguished 
them as a group from Definition B tests. On the other hand sex differences 
in favour of boys have been shown to occur:; mainly on Definition B tests 
(Macfarlane Smith and Taylor, 1967).
Evidence concerning the later development of spatial ability is 
available from Cattell (1971) who provides a chart from which the following 
information is extracted (approximate figures)
Development of factors related to spatial ability
Per cent of 
development reached 
at age 14
Peak
development
age
Speed of closure 92 18 - 21
Flexibility of closure 87 18 - 21
Spatial orientation 80 18 - 21
Figural adaptive flexibility 56 18 - 21
Visualization 78 21 - 28
(Cattell 1971 p.167)
Table 5.3.
There is a decline in performance on all these factors after the age 
of 28 except for flexibility of closure where it is postponed until the 
thirties. Schaie and Strother do not give details of the tests from which 
their chart was compiled but there is evidence that performance on 
Definition B type tests included in the ETS and DAT batteries can be 
improved by appropriate learning after the peak development age given 
by Schaie and Strother (Blade and Watson 1955, Stringer 1971).
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CHAPTER 6.
THE DEVELOPMENT OF VISUO-SPATIAL ABILITY II: PSYCHOLOGICAL PROCESSES
The relationships between perception, imagery and cognition with 
respect to visuo-spatial data have been considered in Chapter 4. A 
possible distinction between perception and cognition has been discussed 
as part of the argument that learning is not a necessary pre-condition 
for the perception of visuo-spatial forms but is as essential for cognition 
involving the manipulation of visuo-spatial forms as for the processing 
of other kinds of information. It has been shown, however, firstly that 
some psychologists e.g. the gestalt school, do not maintain these 
distinctions and secondly that it is sometimes difficult to match a 
theoretical change in activity with the evidence of introspection. Attneave 
(1954 p.187), Wallace (1965 p.114), Guilford (1967 p.252) have all expressed 
the difficulty of separating perception from cognition in the study of 
space.
In this chapter evidence on the development of perception, imagery 
and cognition in relation to visuo-spatial data will be reviewed. The 
principal object is to show what associations in development may exist 
between these functions and visuo-spatial ability. The reviews are followed 
by a note on developmental theory derived from Art and a summary of the 
findings on development which are likely to assist in the construction 
of experimental hypotheses.
A Theory of the Mechanisms of Perception:
Piaget and his associated have contributed a great deal to our under­
standing of the development of primitive visual perception which may be 
summarised as a series of 'encounters* between some elements of the visual 
system and sense data in the visual field. The visual field is sampled by 
means of 'encounters' separated by eye movements. The more'encounters' 
with a given datum in the visual field e.g. a line, the more the centration 
on that line. Conversely, the greater the centration on a given datum the 
fewer 'encounters' with other elements in the field. Accuracy of perception 
e.g. the judgement of comparative length is also considered to rest on the 
completeness of the exploration through 'encounters' with all the relevant 
stimuli. Centration on one element which is the object of many 'encounters' 
will cause it to be exaggerated in size compared with other elements in 
the field which have been less completely explored. This will apply a
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fortiori to elements near the periphery of the visual field.
Piaget (1969) has formulated a number of statements about the develop­
ment of perception including its relation to the development of operational 
cognition. The theory is complex but for the present purpose^development 
brings a steady reduction in the number of eye movements accompanied by an 
increase in the number of couplings between centrations - a developmental 
process to which the term decentration is applied. For Piaget, this 
process implies the replacement of field effects by exploratory activity 
which, in turn, postulates some voluntary direction of eye movements. Thus, 
perceptual activities, as distinct from primary effects, are more than 
merely sensation and the direction of them may be more or less intelligent. 
Although Piaget's work does not rule out the possibility that the processes 
central to Gestalt theory are dominant during the first few years of life 
it is apparent that the findings from the investigations leave little 
room for Gestalt explanations during middle childhood and adolescence.
Piaget and his associates have conducted their investigations through 
a close study of visual illusions. Some of these diminish with age as the 
number of 'encounters' increases e.g. the underestimation of the length of 
the long diagonal in a lozenge.
Deviation from 50mm 
lozenge with angles
of the length of the long diagonal in a 
of 45° and 135°.
N %
5 - 6  years (20) - 9.8
7 - 8  years (20) - 9.0
9 - 1 0  years (20) - 8.2
11 - 12 years (20) - 7.8
Adults (20) - 7.0
(Piaget 1969 p.25)
Table 6.1
Other illusions, notably the Oppel-Kundt comparison of a divided 
line with an undivided line) increase with age. This appears to be due 
to the unequal distribution of an increasing number of encounters with 
age in such a way that the length of the divided line becomes increasingly 
over-estimated•
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Error in over-estimation of the divided section of the Oppel- 
Kundt figure.
Boys Girls
N % %
5 years (20) 8.4 5.5
7 years (20) 9.9 6.7
9 years (20) 11.3 13.8
12 years (20) 12.7 8.6
Adults (20) 8.4 8.1
(Piaget 1969 p.118)
Table 6.2
Elkind and Scott (1962) have tested Piaget’s theory against the 
Gestalt view by presenting Rorschach figures to children between the ages 
of 4 years 1 month and 11 years 10 months. They argued that decentration 
should facilitate the reversal of figure and ground and the consequent 
ability to see more than one figure from a set of visual data. Acceptance 
of the gestalt view implies an expectation that the tendency to reverse 
figure and ground will diminish with increasing age. The results of the 
investigation supported Piaget’s position, older children showing a 
considerably greater facility than younger ones in their perception of 
alternative figures. There seems to be a steady improvement in this 
respect over the period investigated.
The Development of Visuo-Spatial Perception
There has been much research on the perception of form in early 
childhood. Investigations over many years have shown that infants as 
young as six months are able to discriminate between solid blocks with 
circular, square and triangular faces. There is, however, a long standing 
problem as to how much of this ability is to be attributed to learning 
and how much to the principle of selective grouping (Gestalt) operating 
through involuntary excitation in the striate cortex but initiated by 
relationships in the visual stimulus. It has been established that 
relative positioning in the visual field has a direct correspondence with 
the excitation of neurons in the striate cortex but a major problem for 
gestalt theory is how a percept of form becomes associated with other 
percepts with the same form which occured previously and which may have
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been of a different size. Zuckerman and Rock (1957) reviewed the 
experimental evidence related to these problems. They concluded that 
visual direction is unlearned and that “there is no evidence that re­
current observation is necessary for a circle and a triangle, for example, 
to appear as distinct forms” (Zuckerman and Rock 1957) p.280). In this 
connection they observed that the difficulty of discriminating shapes in 
the Gottschaldt embedded figures test suggests that primitive tendencies 
to group data are in conflict with previous learning. On the other hand 
the recognition of spatial forms which have been tilted or inverted 
certainly involves learning. Ghent and Bernstein (1961) suggested this 
as evidence for the view that scanning of the visual field proceeds from 
top to bottom.
The operation of a scanning mechanism is fundamental to perception.
In the case of spatial perception in early childhood where learning seems 
to be relatively less important than in other aspects of perception, scanning 
activity appears to be dominant. It might be expected, therefore, that 
although the extent to which voluntary control of perceptual activities 
(of Piaget 1969) exists may be a matter for debate, the ability to scan 
the visual field must be closely linked to the maturation of the brain.
Tanner (1961) has shown that there is plenty of evidence up to about the 
age of 2 years "that in the brain functions appear when structures mature 
and not before. There is no reason to suppose that the truth of this 
generalization suddenly ceases at age 2, or 3 or 13." (Tanner 1961 p.84). 
Unfortunately there is a dearth of evidence about the physiological develop­
ment of the brain after the age of 2. However, some information is available 
from EEG records, particularly the incidence of the alpha rhythm of 5-13 
cycles/second which has been associated with a search for pattern (Grey 
Walter 1961 p.100). The alpha rhythm seldom occurs in EEG records taken 
from children under the age of 3 years. At this age and up to about the 
age of 5, the theta rhythm 4-7 cycles/second is dominant. This has been 
associated with emotional display (Grey Walter 1961 p.177). By about the 
age of 5 the alpha rhythm becomes predominant and increases gradually in 
speed from an average of about 8 cycles/second at the age of 6 to the adult 
average of 9-J cycles/second between 11 and 13 years. Although there is 
some relation here with perceptual activities, particularly fixation and 
decentration its nature can be no more than speculation.
The effects of these fundamental features of maturation have been 
shown in numerous studies anent the development of perception in early and
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middle childhood. Ghent (1956) tested the ability of children aged 4 to 
13 years on an embedded figures test and found numerous errors up to the 
age of 8. She attributed the difficulty experienced by the younger children 
to their narrow perceptual span "i.e. a relatively restricted number of 
lines may be seen simultaneously and remembered after the eyes have shifted 
to another spot" (Ghent 1956 p.584). Wohlwill (1960) noted a strengthening 
with age of the continuation factor in the formation of gestalten (Rush 
1937) and suggested that in exploring a form, young children follow a line. 
This leads them into difficulty in embedded figures tests where the line 
is used by competing shapes. A comparable effect was found by Crain and 
Werner (1950) who required children aged 6 to 12 years to reproduce patterns 
on a marble board. In this case it was notable that 80% of the older 
children had grouped the main structure of the whole pattern whereas the 
majority of the younger ones frequently reproduced vague outlines or 
discontinuous elements. A similar effect was observed by Heamon (1973) 
when asking children to construct the shape dervied from a distribution on 
a map. More than half of the 8 year old children were unable to perform
the task and there were a few failures even at the age of 14. Performance
of the tasks in these investigations is, of course, related not only to 
perceptual activity by the individual but to the complexity of the stimulus. 
Many attempts have been made to express the information in dot patterns 
and shapes numerically (see Chapter 4). So far shape has not yielded to 
this analysis and although there has been more success in the application
of theory to dot patterns, no studies of child development in this context
appear to have been made. However, without precise measurement, it is 
possible to demonstrate that forms possessing greater informational 
redundancy e.g. regular shapes are perceived more easily than those with 
a similar amount of information but less redundancy and Wohlwill (1960), 
after reviewing the evidence available, concluded that a diminishing need 
for redundancy in the stimulus is a principal characteristic of perceptual 
development.
Rudel and Teuber (1963) have shown that inversions (i.e. rotations 
through 180°) of meaningless shapes can be discriminated even by children 
of 4-J years but mirror images of the same shapes present difficulties for 
8 year old children. Perhaps the most comprehensive study of this type 
among younger children was that of Gibson, E.J. et al (1962) who tested 
the ability of children aged between 4 and 8 years to discriminate between 
a shape and various transformations of it. The fact that transformations
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were used seems largely irrelevant since the discrimination involved 
static comparison. Errors were reduced to 2J/o by the age of 5 and to fewer 
than 1096 by the age of 8 except in the case of ‘perspective transformations* 
which involved small differences in proportions. Gibson attributed the 
improvement largely to learning.
The examples of perceptual activity viewed so far can be regarded 
as requiring Definition A spatial ability in that they do not entail the 
manipulation of shapes. However, the study by Davol and Hastings (1967) 
is related to Definition B spatial ability. Children between the ages of 
5 and 8 looked at a spatial relationship between two stimuli on a disk 
and were asked to reproduce it in a different orientation on another disk. 
The mean scores (maximum 36) at each age group are shown below. No sex 
differences were found.
Correct responses on a test of spatial relations independent
of spatial orientation.
N = Boys 96 Score
Girls 96 (Maximum = 36)
5 years 2.8
6 years 7.0
7 years 11.8
8 yeans 18.6
Davol and Hastings, 1967 P«378)
Table 6.3
In this task, unlike those described earlier, the spatial relationship is 
abstracted i.e. no figure is present. Moreover the response has to be 
constructed and not merely recognised. For these reasons the task cannot 
be carried out by inspecting details and appears to require visualization. 
Work carried out by Rovet and reported by Olson (1975) required children 
aged 8 to 12 years to compare representations of the three-dimensional 
figures used by Shephard and Metzlar (1971 - see Chapter 4) rotated through 
angles of 30°» 60° and 90°. For each age group it appeared that the 
difficulty of the task was associated with the size of the angle of 
rotation and that the younger children were largely unsuccessful with 
rotations larger than 30° •
Most of the investigations reviewed above have involved the use of 
meaningless shapes and the ways by which children discriminate among them 
has aroused considerable discussion. The issue is not simply a matter of
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perception because discrimination, in the Piagetian view of development, 
depends on the acquisition of concepts even among children of pre-school 
age. Thus cognitive processes are implied which, for Piaget, must be 
related to logic. Piaget and Inhelder (1956) have asserted the precedence 
of topological concepts and argued that discrimination among meaningless 
shapes takes place initially on the basis of topological characteristics 
such as Enclosure*. Subsequently - and perhaps not until the age of 
8 or 9 - Euclidean and projective concepts become available, permitting 
discrimination on the basis of such features as corners and curves. A 
large scale study of the performance of 700 Montreal children aged 
between 2 years and 12 years on a group of Piaget type spatial tests by 
Laurendeau and Pinard (1970) led the authors to conclude that there was 
a "topological period" in the development of spatial concepts during 
which mental operations were limited to the inherent properties of a 
particular object without regard to its location in relation to others.
By using a scalogram technique Laurendeau and Pinard demonstrated a 
measure of consistency in performance on the group of spatial tests which 
could be regarded as indicative of the existence of intellectual structures. 
However, the consistency was not maintained when performances on spatial 
and non spatial tests were scaled together. The modal age for the 
topological period was 4-4i years. The modal age for the group of 
children whose performance on all the spatial tests showed development 
beyond this level was 8 years.
It is indeed the case that topological space is less complex than 
Euclidean or projective space in the sense that it allows each figure to be 
considered in isolation whereas objects in projection and Euclidean space 
are located relative to each other. However, it seems likely that the 
problem should be considered as a perceptual issue rather than a cognitive 
one and that Piaget*s elaborate argument is not required. Lovell (1959) 
investigated the ability of children aged 4 years 5 months to discriminate 
shapes and found that Euclidean attributes were used as often as 
topological features and often on shapes which were not topologically 
different. A more elaborate study by Eisher (1965) was based partly on 
the assumption that shapes designed for discrimination by topological 
features lent themselves to classification by names more than linear 
shapes. He corrected for this possibility by allocating nonsense syllables 
to shapes in both groups and requiring them to be used by the children.
TJnder these conditions, linear shapes were more easily discriminated by 
children as young as 1 year 7 months; topological discrimination attained
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an equal level at about 3 years 6 months. In a control group which used 
shapes to which names were not allocated topological discrimination was 
easier for children up to about the age of 3 years.
The Development of the Ability to Visualize
Existing knowledge about the development of mental imagery is dominated 
by the work of Piaget and his associates to a much greater extent than is 
knowledge about the development of perception and it is important to be 
clear about the theoretical context in which his investigations are set if 
only to demonstrate the constraints which it imposes.
For Piaget, perceptual exploration without operational knowledge is 
inconceivable. Similarly, although he considers static images to be pre- 
operational, later flexibility in imagery comes about not because of any 
intrinsic tendency but because of the increasing contribution which 
operational knowledge brings to bear on figurative knowledge. Thus the 
function of imagery is seen to be essentially representational, supplying 
information to operational cognition. At the same time, imagery is assisted 
by operational activity to perform its function more effectively and it is 
possible to identify stages in its development related to those in operational 
cognition. Imagery is quite distinct from perception although both are 
elements of figurative cognition.
The special case of spatial images has been given extensive consider­
ation by Piaget and Inhelder (1969, 1971) and has also received attention 
in Chapter 4« These images are described as having remarkable relative 
adequacy (19^9 P*135) to possess "more or less complete homogenity between 
form and content" (1969 P*136)» to "enable one *to see in space* the 
transformations themselves" (1969 p.l37)« However, Piaget never comes 
near to conceding his main arguments- "although geometrical intuition 
really is the preferred sphere of mobile and anticipatory images, there 
is no question of a capacity present at all ages nor of a product purely 
of mental imagery. Such intuition is in fact essentially operational and 
images play their essential part only when guided and informed by operations" 
(1969 p.139)» Indeed, there is some doubt if Piaget means *essential* to 
be taken literally for, in discussion of certain difficult transformations, 
he suggests the possibility of a solution without the use of images.
(1971 p.226).
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It is apparent from the pages of ‘Mental Imagery and the Child* that 
many of the tests employed by Piaget and his associates could have been 
used in investigations of Definition B type spatial ability and that his 
theory could be re-written as a model of the mental processes involved in 
the exercise of that aspect of spatial ability when fully developed. How­
ever, there is a difficulty about Piaget *s view of relationship of the 
use of imagery (the visualization process) to logical operations (the 
logical process) which was discussed in Chapter 4* This suggests that 
these processes require separate consideration until further empirical 
evidence about their relationship is forthcoming.
As far as the development of spatial ability is concerned, it has 
already been demonstrated by Lovell and others (see the preceding section 
of this chapter) that the order in which forms are recognised by young 
children is not the topological - Euclidean sequence indicated by Piaget 
and Inhelder (1956). This finding must cast doubts not only on the 
reliability of their detailed evidence, but also on the primary logical 
operations in relation to the spatial perception of children. It has 
already been demonstrated that spatial perception in early childhood 
cannot be distinguished from Definition A type spatial ability. For 
these reasons Piaget’s detailed findings on the development of visual 
imagery are taken to relate to a processing system which is parallel to 
that of logical operations but not regarded, a priori, as subservient to 
it.
In the studies of imagery undertaken by Piaget and his associates 
a primary classification is made into images which reproduce forms, 
objects or events and anticipatory images which represent events or the 
results of events have not previously perceived. In practice it is not 
easy to make a sharp distinction because the reproduction of an image 
requires what Piaget terms (1971 p.2) *executional anticipation* before 
the appropriate gesture or drawing is made. However, it will be evident 
that reproductive imagery can be related to Definition A type spatial 
ability i.e. it results from an examination of the visual field, whereas 
anticipatory imagery could be used to predict the results of a visual 
transformation or indeed events during the process of transformation and 
relates, therefore, to Definition B type spatial ability.
Reproductive imagery can be further classified ass-
Static images (RS) derived from a motionless object or configuration
Kinetic images (RK) evoking a movement
Transformation images (RT) evoking the transformation of an object 
e.g. the results of bending a wire
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Anticipatory imagery falls into two classes:
Kinetic images (AK) anticipating movement 
Transformation images (AT) anticipating a transformation 
e.g. how the wire will look when bent.
The RK, RT, AK and AT classes can all be su.b-divided further according 
to whether the imagery refers to the end product of movement or transformation 
or to an intermediate position.
The investigations summarised below are examples of many reported by 
Piaget and Inhelder (1971) and give an indication of their main findings 
independently of the large body of theory contained in the book. In a study 
of RS imagery children aged 4-10 were asked to reproduce an arrangement of 
cubes (7 cubes for the 4-6 year olds, 9 cubes for the older children). Under 
Condition 1 the child was permitted to see the arrangement which was removed 
before reproduction. In Condition 2 the child copied the arrangement, both 
the original and his copy being removed before reproduction. In Condition 3 
the experimenter constructed the arrangement in'front-; of the child before 
removal and reproduction. Some of the results are summarised in the 
following table which gives percentage success under each condition.
Percentage of children successful in reproducing arrangements of cubes.
Model A Model B
N Condition 1
%
Condition 2 
°/o
Condition 1
%
Condition 3
%
4 years (7) 29 72 0 0
5 years (26) 31 85 59 7
6 years (12) 50 75 45 56
7 years (12) 50 75 8 8
8 years (12) 42 67 8 16
9 - 10 years (14) 42 72 45 29
N.B. (a) Children aged 4-6 used a different model with fewer cubes than
those aged 7-10*
(b) Conditions 2 and 3 cannot be compared since different models 
were used.
(Piaget and Inhelder 1971 P*235 and p.237) 
Table 6.4
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It is evident that personal activity by the child greatly improves the 
ability to reproduce the original model and that this effect is particularly 
marked with the youngest children. Under this condition^in which imitations 
of the child*s own actions reinforce his personal imageryja very high rate 
of success is achieved. It is clear, however, that static imagery is available 
to about half of the 6 year olds (Condition l) without help from an action 
sequence. It also appears that whilst the imitation of one*s own actions 
is a help in reproduction, the imitation of another person’s actions is 
markedly less helpful than a longer period spent in perception of the 
completed arrangement.
Examples of work on anticipatory imagery can now be considered. In 
one investigation a cube, differently coloured on each face was rotated by 
the experimenter as a demonstration. It was then placed near the child 
who was asked to assign the colours to a white cube according to the 
positions they would occupy if it were also rotated. Percentage successes 
for different rotations are given in the following table s-
Percentage of children successful in assigning colours in an imagined 
rotation of a cube.
Rotations
N
90°
°/o
180°
°/o
270°
°/o
360°
°/o
Double
°/o
4 years (12) 0 0 0 0 0
5 years (9) 0 0 0 0 0
6 years (ll) 33 22 20 33 13
7 years (10) 50 40 33 50 33
8-9 years (6) 83 73 100 100 86
(Piaget and Inhelder 1971 P*124) 
Table 6.5
According to the definitions of spatial ability used in the thesis this 
investigation would be regarded as involving a test of ability to undertake 
either an isometric transformation or a re-orientation of the position of the 
observer. The use of colours and the presence of the demonstration cube 
suggest that many children might attempt to learn the colour sequence instead 
of visualizing the rotation. However this does not appear to be the case in 
the extracts of conversation with the younger children quoted in the book. 
Assuming that anticipatory imagery is being employed there is a notable 
difference between its development trend and that for reproductive imagery 
which shows a steady improvement over the whole period from 4 to 8 years.
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Both appear to be well developed by the age of 8 or 9*
Very few of the studies described in the book include children over the 
age of 9. One which does is the investigation of anticipatory transformation 
imagery in which children between the ages of 4 and 15 were shown a piece of 
paper being folded and clipped. The children were asked to draw the position 
which the holes would occupy when it was opened. The investigation was 
varied to permit learning, the child being allowed to copy the correct version 
before the next one was shown. The table below shows percentage success, that 
for the learning variant being given in brackets.
Percentage of children successful in anticipating the position of holes 
made in folded paper. Figures in brackets show success after learning.
1 hole 2 holes 2 holes 4 holes
N = 96 (1 fold) (2 folds) (5 folds) (5 folds
% % % %
4 years 0 0
5 years 20 6
6 years 38 0
7 years 78 7
8 years 90 (100) 10 (55) 20 (20) 0 (10)
9 years 100 (100) 40 (70) 40 (50) 30 (30)
10 years 100 (100) 10 (70) 50 (60) 10 (40)
15 years 100 (100) 58 (78) 29 (65) 7 (50)
(Piaget and Inhelder 1971 P*225)
Table 6.6
In discussion of these results Piaget and Inhelder note that the 
difficulty of the test is a function, not only of the number of folds but 
also of the number of holes. The latter is determined by a combination 
of the number of folds and position of the clipping. Imagery may well be 
indispensable for nearly everyone who attempts the test whatever the 
operational level.
In summarising the development of imagery Piaget and Inhelder note 
that reproductive imagery cannot be completely independent of anticipatory 
imagery since the latter seems essential for the construction of a response,
- 87 -
In their summary they make no radical break between BK and RT imagery and 
AK and AT imagery but suggest only two stages in development, the first 
being the appearance of the image at about lj to 2 years of age, the 
second being the emergence of anticipatory imagery at about the age of 7 
or 8 years of age. It follows that static visualization could play a part 
in spatial ability of both definitions from the age of and that mobile 
visualization could play a part in Definition B type spatial ability from 
the age of 7 or 8. One question which Piaget and Inhelder leave open is 
that of the development of imagery after the age of 8.
One other investigation which involved imagery in young children was 
reported by Lovell (1959)* Children were shown two pairs of circles, one 
superimposed, the other intertwined, and asked to say what would happen if 
one were pulled. The following table gives the percentage of successes.
Percentage of children successful in determining outcome of
pulling circles apart.
Superimposed Intertwined
N % %
up to 4 years (33) 12 6
4:1 - 4:6 (42) 29 12
4:7 - 5:0 (42) 24 9
5:1 - 5:8 (25) 46 47
(Lovell 1959 P-lll)
Table 6.7
It appears that anticipatory imagery in relation to simple situations 
may be available earlier than suggested by Piaget and Inhelder. Indeed, 
their own table of successes in the paper folding investigation shows a 
comparable success rate of 1 fold and 1 hole among children of 5 to 6 years 
of age.
Huttenlocker and Presson (1973) carried out an investigation which 
required children of 9 years and 11 years to anticipate the appearance 
of coloured blocks (a) after they had been rotated and (b) as they would 
appear from a different view point. The percentage of errors in the view 
point test was significantly higher than in the rotation test and in many 
instances could be attributed to ego-centricity i.e. the child responded
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as though a change in view point would produce no difference in the appearance 
of the display. In an interesting discussion of the cause of the greater 
difficulty of view point problems Huttenlocker and Presson concluded that a 
two-stage process was required involving, first a consideration of the 
relationship between observer and array followed by a rotation of the observer- 
as-objeet. It appears to be the separation of the observer-as-object from self 
which children find difficult throughout the period under discussion. The 
degree of view point change made no difference to the percentage error but 
children found problems involving an imagined 90° rotation significantly 
easier than those involving 180° or 270° rotations.
Looked at in broad outline, much of the available evidence about imagery 
is consonant with the working of a maturational process and Piaget and 
Inhelder tentatively accept this view (19&9 p.102). Stafford (196l) found 
evidence of a sex linked recessive gene and concluded ”that the aptitude 
for visualizing space has a hereditary component” (Stafford 1961 p.428).
As already mentioned in Chapter 5 Vanderiberg (1969) investigated performance 
by monozygotic and dizygotic twins on a large number of spatial tests but 
concluded that form and perspective were more likely to have a significant 
hereditary component than tests which require the ability to move things 
around in one*s mind.
On the other hand, two experimental investigations of learning designed 
to improve imagery should be mentioned. Beilin, Kagan and Rabinowitz (1966) 
used the well known test of ability to represent water levels with children 
aged between 6 years 2 months and 8 years 2 months comparing two groups 
which received perceptual training with four groups which received various 
forms of verbal programmes designed to improve appropriate concepts, e.g. 
'horizontality'. There were also three control groups which did not receive 
training. The study showed that anticipatory imagery was improved by 
training, and the perceptual groups made greater improvements than all but 
one of the verbally trained groups. One of the perceptual groups was 
required to make drawings of the predicted water level as part of the 
training programme and this group improved significantly more than the 
other in which no overt responses were required. In a comparable experiment 
with 14 year old children Brinkmann (1966) used the D.A.T. space relations 
test to investigate the efficacy of programmed learning in improving 
spatial visualization. A significant gain and difference between groups 
was reported.
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Spatial Ability and Cognitive Development
The most universal characteristic of cognitive development is a 
decreasing dependence of behaviour on information in the immediate stimulus 
field. The overwhelming * moment of time* effects in early infancy are 
characterised by Piaget as follows:- "there is not one space which contains 
all objects, including the child*s body itself; there is a multitude of 
spaces which are not co-ordinated: there are the buccal space, the tactilo- 
kinaesthetic space, the visual and auditory spaces each is separate and each 
is centred essentially on the body of the subject and on his actions.”
(Piaget 1962).
The quotation above is unlikely to arouse disagreement. However, for 
Piaget, cognitive development implies the emergence of stable concepts which 
categorise this unorganised spatial environment and of operational structures 
which reveal the possibilities of manipulating it. These operational 
structures become, in adolescence, a logico-mathematical framework, an 
invariant transformation system which acts independently of context. This 
description of the achievement of supremacy by logico-mathematical concepts 
and operations over the figurative elements in cognition is not compatible 
with a hypothesis about the development of visuo-spatial ability to which 
two or more psychological processes contribute independently. The problem 
is exemplified in the explanation of the following results from an investi­
gation by one of Piaget *s collaborators (Wursten 1947-9) of the amount of 
which a vertical line is over estimated by comparison with a nearby 
horizontal line of equal length.
Amount by which a vertical line is over-estimated by comparison 
with a horizontal line of equal length (30 mm).
N mm
5 years (20) 0.90
6/ 7 years (20) 1.65
7/ 8 years (20) 2.20
8/ 9 years (20) 2.45
9/l0 years (20) 2.90
lO/ll years (20) 2.75
ll/l2 years (20) 2.30
12/13 years (20) 2.20
Adults (20) 2.00
(Wursten 1947-9 P»70)
Table 6.8
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"On se deduira ••• que le systeme de coordonnees dont semble se servir 
l*adulte pour elaborer son uni vers n*est - pas a la portee de 1* enfant et 
que celui-ci procede par d*autres moyens". (Wursten 1947-9> p.86)
The increase in the illusion is thus attributed, not to a field effect 
but to the attainment of the concept of Euclidean co-ordinates. In this 
context Piagetian theory appears to transgress the canon of parsimony and, 
in the case of shape recognition by young children, has not been verified 
by empirical observation (Fisher 1965). Quite recently Bryant (1974) has 
advanced an alternative theory based on the study of children aged between 
4 and 8 years, in many situations where spatial judgement is required e.g. 
about orientation and position. Bryant*s theory is that children in this 
age group do not possess absolute codes of reference for many situations 
in which adults use them but manage very well with relative codes provided 
that the objects about which the judgement is to be made are presented 
simultaneously. In other words where Piaget argues for example, that a 
judgement of the relative orientation of two books on a table requires the 
use of horizontal co-ordinates. Bryant offers the explanation that the 
child uses the 11 local "framework provided by the table top. This view makes 
a useful bridge from the earliest period of child development when percepts 
undoubtedly dominate to a stage when there is less difficulty about accepting 
the necessity for an absolute reference system including Euclidean and 
projective concepts.
Piaget, in search for a logic underpinning thought about space at 
the concrete level, has described three sets of 8 infra-logical groupings 
corresponding to the set of logical groupings in his general theory 
(Piaget and Inhelder 1956 P«457)« These are applied to data which are 
essentially continuous and not divisible by attributes. The groupings 
correspond approximately with logical groupings but cannot be combined 
with them. Piaget has produced sets for topological, projective and 
Euclidean relationships and it is probable that the use of these groupings 
in combination could be made to describe all the possible transformations 
of Definition B type spatial ability. However, this is far from asserting 
that they possess any psychological significance. Indeed very little use 
appears to have been made of them as a basis for investigation although 
Shantz and Smock (1966) showed that the conservation of distance which 
appears to require an operation which is logically prior to that involved 
in the establishment of a co-ordinate concept did, in fact appear first.
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Much of Piaget* s work on concept development is interpretable in 
terms of the increasing stability of concepts in the face of changes in 
the stimulus field. It follows that there can be a progressive reduction 
in the cues required to trigger the use of particular concepts and that 
where symbolic representation can be used a small stimulus can have 
enormous cognitive significance. Bruner’s formulation is similar. ’’Where 
accessibility of categories reflects environmental probabilities, the 
organism is in a position of requiring less stimulus input, less redundancy 
of cues for the appropriate categorization of objects” (Bruner 1957 P»135)* 
However this formulation is not appropriate when the sense data to be 
examined is by definition non-symbolic and indeed non-representational.
The spatial image is isomorphic with the data and although cue reduction 
may be possible when the perceived form can be categorized e.g. a triangle, 
this effect is no more than marginal since the relative size of the 
immediate percept and angular distribution within it are usually essential 
data. Consequently Wohlwill*s general description of development from a 
perceptual level of functioning to a conceptual level along a continuum 
between the two (Wohlwill 1962) only applies to a limited extent. Wohlwill 
gives three dimensions along which perception and conception can be related; 
redundancy, selectivity and contiguity. He has found evidence of decreasing 
reliance on redundant stimuli as development proceeds and there is no reason 
why the same principle should not hold true for visuo-spatial data. However, 
except for familiar or symmetrical shapes, it can have only a limited 
application. Progress along the dimension of selectivity also depends, in 
Wohlwill *s view, on the increasing use of concepts and it is clear that 
in the course of development these override field effects. In some investi­
gations the latter have actually been shown to increase with age up to the 
age of 10 or 11 (See Table 6.7) but are offset, partly by compensation in 
the result of experience and partly by an increase in the perceptual span 
e.g. the amount of data which can be seen simultaneously. (Ghent 1956).
The third of Wohlwill *s dimensions is contiguity along which development 
proceeds from complete dependence on immediate sensory data towards 
independence of it. Wohlwill found evidence of ”an increasing tendency 
to relate objects in the stimulus field, independently of their spatial 
or temporal contiguity (Wohlwill 1962 p.486). This hardly applies when 
the spatial situation is itself the object of attention.
It seems evident that a model of cognitive development, using a 
measure of information in the visual field combined with information 
processing capability, would be more appropriate to the growth of spatial 
ability than one which emphasises increasing independence of the field. At
- 92 -
present, however, no satisfactory general measure of visual form has been 
evolved although progress has been made in applying information theory to 
dot patterns (Chapter 4)« Information processing in a developmental context 
has received attention notably from Pascual-Leone (1970) who constructed a 
sophisticated experiment with children aged 5*7> 9 and 11 years to test 
the hypothesis that Piaget’s levels of thinking when translated into S-R 
information processing terms, would provide data for a straight line graph 
of growth. Pascual-Leone *s experiment not only supported this hypothesis 
but showed that the processing capacity at each level could be measured 
in the ’chunks* described by Miller (1956). Miller suggested that adult 
processing capacity was about 7 chunks for a wide variety of types of 
input and Pascual-Leone *s experiment substantially confirms the hypothesis 
that there is a processing capacity of about 2 chunks at the pre-operational 
level rising to 5 chunks at the early formal level and to 7 chunks during 
the later ’teens.
At this point, reference to the work of Olson (1970 and 1975) is 
required. Olson conducted an enquiry into the ways in which children formed 
the concept of diagonality and acquired the ability to copy oblique lines. 
Most of his findings were based on work with children aged between 3 and 
7 years i.e. younger than those involved in the present study but the area 
of interest is very close to that in the present study.
Olson took the view that perception and intelligence "are not different 
levels or different types of mental activities, but rather reflect the 
context in which new types of information are taken into the system 
(1970 p.193). Intelligence is a skill in ,, particular media; the media 
evolved in different cultures alter the information which members of the 
culture select from the perceptual world. Olson supported this view by 
results obtained from cross-cultural studies involving East African children. 
He also pursued investigations which showed that in the discrimination of 
diagonal from horizontal and vertical lines, perceptual training i.e. 
practice in sorting, was markedly inferior to one in which language was 
used to describe attributes of the diagonal.
However, in a later phase of his investigation, Olson found that the 
ability to conceptualize the diagonal linguistically was not sufficient 
to bring about improvement in ability to copy it. To do this entailed 
practical experience e.g. in the placing of draughts and the learning 
thus acquired appeared to be specific i.e. not transferable to other media.
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In general discussion of his findings Olson raises the question of the 
relation between language, perception and thought in the context of 
instructional experiments. He found difficulty in specifying a training 
procedure and even greater difficulty in describing what took place. "What 
one learns through experience and what one learns through language in 
instruction, and how they are related, remains unknown*' (Olson 1970 p.89).
Developmental Theory Derived from Art
Of the four areas of human activity reviewed in Chapter 2 - Geography, 
Chess, Geometry and Art - only the last has given rise to an independent 
theory of development. Independently based, that is, in the subject; there 
have been several attempts to apply conventional psychometrics in cross 
sectional studies based on performance in Geography, Geometry and Art.
Some of these e.g. Wrigley (1958), Macfarlane Smith and Taylor (1967) 
have produced findings of general significance in the study of spatial 
ability and are reviewed elsewhere but the majority have given results 
which cannot be related across subjects. Piaget's theory of stages of 
development has given rise to a great many researches in the last twenty 
years, not least in Geography and Mathematics but these have been almost 
exclusively concerned with the verification or otherwise of the theory at 
one or more levels. More recently, there are numerous signs of Piaget's 
influence on teaching and testing methods and through the use of apparatus 
developed by workers whom he has inspired. This is particularly evident 
in the field of mathematics, e.g. logical apparatus and in the increasing 
interest shown by teachers in the spatial concepts such as networks, 
co-ordinates and projection. Two publications which characterise this 
trend in Geometry and Geography are Sauvy and Sauvys The Child's Discovery 
of Space (1974)5 Cole and Beynons New Ways in Geography (1968). The 
first deals with the teaching of topological ideas to children in the 
junior school age range and the second includes many exercises on networks 
and the use of co-ordinates. In both cases the books make extensive use 
of spatial material often to encourage specifically the use of logical 
thinking, sometimes for the exercise of spatial ability. Occasionally 
material which could stimulate work in either mode appears.
It is necessary to turn to art to find a theory of development derived 
from the subject itself. Before this is outlined mention should be made of 
an investigation of spatial development in early childhood made by Vereecken 
(1961). This was a study of what are described as 'constructive praxic* 
activities up to the age of 7 years, i.e. activities by which a child makes 
spatial constructions with lines, blocks and sticks. Although the study
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was not concerned with self-expression and keeps closely to Piagetian 
technique it is of interest in the development of art for the close 
observation of behaviour associated with drawing and building. Vereecken 
placed more emphasis on gestalt effects than did Piaget, and noted the ability 
of children aged 2-3 years whom he studied to draw a cross i.e. a 'good1 
shape, although they were unable to draw a horizontal line. He included brain 
damaged children in his study and concluded that those with lesions of the 
parietal lobe were more subject to gestalt influence. Both an 'automatic* 
organisation and a voluntary organisation were said to be reflected in the 
activities. The latter showed itself in the pattern of eye movement e.g. 
duration of concentration on one part of the object being copied, in the 
length of sustained effort and in the practice of checking the copy against 
the original. Vereecken noted that in drawing there wan often a mixture 
composed of analysis of the particular object being drawn with existing 
concepts e.g. the child noted that the house he was copying had a square 
window and drew one without further examination. This observation is in
accord with the general trends in cognitive development summarised by
Bruner and Wohlwill and reviewed in the last section. Vereecken also 
regarded repetitive activity as an indication of voluntary control - this 
is a point of considerable significance in the description of development 
in art since it is the basis for pattern making.
Vereecken implied that an operational level in relation to constructive 
praxic activities is reached by many children by about the age of 7« A 
strong indication of this in his view was that the child made anticipatory 
statements e.g. *1 am going to copy that house* showing both awareness and 
emancipation from 'primitive' or 'automatic* perception. It seems 
worthwhile to summarise the main features of spatial ability which Vereecken 
considered to be associated with the operational level.
1. Parts and whole
(a) The part is understood in relation to the whole.
(b) There is an awareness of the whole.
(c) Each part can be extracted from the whole.
(d) The whole can be divided into sub-systems.
2. All spatial relations can be co-ordinated.
3. Awareness of a structure is internalized
(a) Any given point can be considered in relation to a 
number of patterns.
(b) The structure of the pattern remains present and 
representative during the whole period of drawing.
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(c) The spatial constructive process is guided ‘by- 
representation of the figure not by perception.
(d) Bepresentative awareness is independent of the 
configuration.
(e) The child copies from memory.
4. . The perceptual image can be transformed.
5. An exact copy can be made because the structure is known.
6. Operational structures are reversible.
The following quotation may serve to epitomise Vereecken*s position - 
"spatial analysis can only discover that element which the child knows 
already" (1961 p.103). This, in context, is a more uncompromising statement 
in support of the logical model than might be expected in Piaget's own 
formulation.
An appreciation of context is vital. Without it, simple formulae carry 
the illusion of similarity. Lowenfeld's fundamental tenet that in 'creative 
activity subject matter is based on the subjective experience of man and 
environment according to the various mental levels* (Lowenfeld 1957 
p.82) appears to parallel Vereecken's view and yet there are more differences 
than similarities. For 'knows* in Vereecken's terms implies an intellectual 
awareness of structure which can be imposed upon data in the visual field; a 
structure which can be termed such because of the large number of elements 
which individuals have in common. For Lowenfeld, subjective experience is an 
interweaving of emotional, intellectual, perceptual and aesthetic experiences 
and the creative product which results "remains meaningless unless the 
individual can relate himself to it" (Lowenfeld 1957 P»35)» If this were 
absolutely the case, spatial ability in children's art and indeed any kind of 
artistic ability could not be publically recognised. On the other hand, 
esqperiences which are both subjective and non-intellectual are clearly of 
great importance in the development of artistic talent. y
The discussion in Chapter 2 about the relation of spatial ability to art 
has shown that it has a function, however imprecisely defined, in the arrange­
ment of shapes which give pleasure. Aesthetic sensibility produces form in 
art and the view is widely held that every work of art has some principle of 
form or coherent structure however difficult it may be to reduce them to 
simple formulae. At the same time, aesthetic sensibility implies expression 
and sympathy for expression: it would be ridiculous and would deny the
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nature of art itself to attempt a logical separation or tnese elements. 
Nevertheless, it is possible to examine accounts of development in art with, 
in particular, an eye to shape and balance.
The accounts of early development in art given by Lowenfeld and Araheim 
contain classical examples of the progress of differentiation in human growth. 
The first scribblings by children of 2 to 4 years are said to arise from 
pleasurable motor activity over which visual control is slowly gained. The 
production of circular shapes develop from a combination of arm movements 
with gestalt organisation and, having seen the results of his activity, the 
child is thought to relate his shapes to objects which he has perceived. 
Lowenfeld (1975 P*99) went so far as to suggest the possibility that the 
balance of loose and dense scribbling and their distribution on the paper 
merit evaluation presumably for possible effects arising from perceptual 
organisation of which the child is not aware.
It is instructive to compare the intellectualistic account of develop­
ment in children with the view of Amheim and Lowenfeld. For them it is 
perceptual growth rather than conceptual development which signifies in the 
progress of creativity activity. Lowenfeld (1957 P*55) recognised a growing 
response to visual stimuli "from a mere conceptual response .... to the most 
intricate analysis of visual observation." Arnheim (1956 p.160) substituted 
the idea of perceptual generalities e.g. "roundness" for the explanation in 
terms of the application of concepts. There is certainly evidence for this 
view in that young children experiment for example with combinations of 
vertical and horizontal lines long before their acquisition of the concept 
can be demonstrated. (See also the discussion of the work by Bryant (1974) 
earlier in this chapter). Although art in the period up to the age of 
7 years is strongly representational there is ample evidence of unconscious 
aesthetic activity in the distribution of shapes which are 'meaningful' 
i.e. representational, in relation to the 'meaningless' area outside them.
The period after the age of about 7 years shows development which is 
influenced to a greater extent by conscious learning. This is notably the 
case in the understanding of perspective and the awareness of overlappings. 
These involve the concepts of space which Piaget and Inhelder (1956) have 
investigated. But the use of space in pictures during middle childhood shows 
organisation and repetition, the latter being derived from rhythm. In 
Lowenfeld*s view (1957 p. 159) these are incorporated unconsciously in the 
productive process. This view appears at first sight to be incompatible 
with Vereecken's use of repetitive activity as an indication that voluntary 
control was being exercised. It seems however that a distinction should be
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made between a child's intention to repeat his representation of an object 
e.g. a tree and the unintentional pleasing effect of a series of trees used 
in a single picture.
It is concern for the final product rather than for the working process 
which marks later development in art. The periods which Lowenfeld character­
ises as 'pseudo-realistic* and 'the period of decision' extending from the 
age of 11 into adolescence are marked by a progressive increase in critical 
awareness and the extension of voluntary control over balance, form, the 
use of space and light. But these elements, which are essentially distri­
butional i.e. occupying space within the picture, cannot be dissociated 
from the portrayal of relationships inherent in the content of the picture 
e.g. the isolation of a single figure contrived to express rejection.
Conversely the artist may perceive the complications of a real landscape as 
a configuration of shapes and colours and at the same time regard it as a 
cue to an emotion. Composition is the integration of all these elements 
and because the content and its associated relationships have to be 
representated spatially the achievement of composition is a spatial integration 
of shapes which is required to satisfy two or more criteria. It could be 
argued* therefore, that two essential features of development through art in 
adolescence are, the acquisition on one hand of the ability to search data in 
the visual field for both symbolic and non-symbolic content and, on the other, 
of the ability to perform transformation of all kinds of visuo-spatial imagery 
(including representational and symbolic imagery). It should be noted that 
the imagery may originate in both visual and non-visual sensations e.g. from 
touch, so that the transformations occur between modes as well as within modes.
A General Review
Some fairly definite developmental features of the processes regarded as 
being associated with visuo-spatial ability are now apparent. There appear to 
be two categories -
(a) comprising processes in which the evidence points to steady 
growth without a marked qualitative change in performance.
(b) comprising processes in which there is evidence of a 
qualitative change.
It seems clear that the mechanisms of perception, as described by Piaget, 
fall into category (a) and that the number of possible 'encounters* for a 
unit of time increases gradually with age, allowing a progressively more 
complete exploration of the visual field or, perhaps more accurately, an 
increase in the size and complexity of the visual field. This feature of
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development is accompanied by the process of decentration which implies a 
progressive assumption of voluntary control over eye movements and is 
therefore influenced by experience as well as by physiological motivation. 
This statement should not be taken as suggesting that field effects arising 
from the stimuli are eliminated as a result of voluntary activity. Indeed 
they may actually become greater as the size and complexity of the visual 
field increases with age (see Table 6.8).
Another way of looking at the development of perception is to describe 
it in terms of perceptual span. Young children who attempt the embedded 
figures test remember only a small number of lines as their eyes shift from 
one fixation to the next. Consequently they have difficulty in obtaining 
percepts of possible shapes from the stimuli. Improvement in the ability 
to deal with embedded figures (Ghent 1956) has been shown to continue from 
the age of 4 to about 17 with some indication of an accelerated improvement 
after 10 years of age. Investigators who used the Marble Board (Crain and 
Werner 1950) provide evidence that many children, as they become older, 
change the strategy by which they attempt to reproduce a pattern. However, 
this appears to be a gradual shift affecting fewer than half of the children 
studied between the ages of 7 and 12. Moreover, there is plenty of evidence 
(e.g. Gibson et al 1962) of the improvement of figure discrimination by 
children aged between 2 and 8 without any suggestion of a qualitative change.
The processes considered above are those which appear to have most 
significance for Definition A type spatial ability. The account which has 
been given corresponds fairly well with the psychometric evidence of 
steady development throughout childhood. The ability factor specific to 
non-symbolic and non-represent at ional material which has been identified 
by some workers in the results of tests undertaken by children from about 
the ages of 7 or 8 may be attributed to differentiated experience of shapes. 
The account is also compatible with several of Vereecken*s findings (1961) - 
though not with his explanation in terms of cognitive operations.
In the cases of operational cognition and mobile imageiy the weight 
of evidence suggests that qualitative changes do occur during childhood. 
Piaget *s theory of equilibration at the sensori-motor, pre-conceptual, 
pre-operational, concrete operational and formal operational levels (see 
Flavel 1963) has received very considerable support, particularly in 
investigations where language is the mode of response. Some recent
investigations, (e.g. Braine, 1959 Fisher, 1965, Bryant, 1974) have 
indicated weaknesses in the application of the theory to young children 
at the pre-operational levels. Nor is there evidence that the arrival 
of operational thinking is significant for the exercise of Definition A 
type spatial ability. On the other hand there is a broad correspondence 
between the attainment of concrete operational thinking and the ability 
to perform Definition B type transformations which is clearly present in 
many children at the age of 11 but has not been fully identified in a 
range of spatial abilities before that age. The situation in later 
childhood and adolescence is reversed in that formal operational thinking 
is well defined but advanced spatial ability has not been characterised 
except in terms of increasing stimulus complexity.
Mobile imagery i.e. the anticipatory imagery of Piaget's classification 
(1971), is said to appear at the ages of 5 or 6 and to be available to 
the; great majority of children by the ages of 8 or 9. Introspection 
and the reports of introspection suggest that mobile imagery plays an 
important part for many people in Definition B type spatial ability but 
only a few investigations (e.g. Barrett 1953, Beilin et al 1966) have 
contributed evidence on this point. Practically nothing is known about 
the development of spatial imagery.
The primary questions related to visuo-spatial ability are now more 
apparent;-
(1) Are the Definition A and Definition B types of visuo-spatial 
ability distinguishable by the psychological processes which 
they employ?
(2) What are the psychological processes employed by each type?
(3) What are the developmental characteristics of visuo-spatial 
ability?
The hypotheses arising from these questions are stated in the next 
chapter. Those which relate to Questions 1 and 2 are examined in Chapters
8 and 9. Developmental hypotheses form the subject of Chapters 10 and 11.
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C H A P T E R  7 
HYPOTHESES.
A. Hypotheses related to the Definitions.
In a critical notice of Macfarlane Smith's book Burt (1965) pointed 
out that no definition was offered for 'spatial ability' and that no 
psychological analysis as distinct from a statistical analysis had been 
made of the concept. These statements are less than fair because 
Macfarlane Smith has made clear his view that success in a spatial test 
depends critically on an ability to retain and recognise (or reproduce) 
a configuration as an organised whole. But the evidence on which this 
view is based is factorial and depends on the selection of tests used in 
the battery from which the factor analysis is derived. Certainly the view 
does not command support in the United States where 'spatial ability1 is 
considered to represent a complex family and 'spatial test' to cover a 
very broad category, the boundaries of which are undefined.
The first part of this thesis therefore, was occupied in the working 
out of an independent definition of one aspect of spatial ability, viz., 
that which employs visual sense data. This has been termed 'visuo-spatial 
ability.' The definitions reached at the end of Chapter 3 are re-stated 
here for convenience. Visuo-spatial ability is either or both of the 
following :
A. The power to examine sense data, present in the visual field, for
information related to the situation in the field.
B. The power to perform a visual transformation which can be defined
in terms of a geometry.
It will be recalled thst information obtained from a visual field 
and used in the exercise of spatial ability is neither representational 
nor symbolic and includes shape, colour, relations between sense data, 
relative length, relative area and position in the visual field. The 
use of such information is not a sufficient criterion of spatial ability, 
for non-symbolic information can be analyzed in relation to known concepts 
e.g. is this percept square? Or is it yellow? Or is it thick? Such an 
analysis would be characteristic of logical thought and a prelude to a 
logical operation in the Piagetian sense. The characteristic of an
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examination of data which uses spatial ability is that the analysis 
involves the perception of relations among data immediately present as 
when a map or a picture are examined.
From the logical, analysis of data, whether symbolic or non-symbolic, 
one proceeds to a logical classification in which the original data is, as 
it were, decomposed, into attributes. (Phis process is well shown in non­
verbal intelligence tests where the solution depends on the extraction of 
one or more attributes and the selection of a shape with, inter alia, the 
same attributes. In spatial ability the original data is itself involved 
in an operation such as turning round or over, movement to a different part 
of the field, changing position relative to the observer. All of such 
operations can be defined in terms of geometrical transformations although 
this is not to imply by any means that they are carried out by the exercise 
of logic. What the definition does imply is that, whatever the degree of 
transformation, some elements among the original data remain unaltered; the 
extreme case appears to be a topological transformation where only the 
numbers of nodes and enclosures are preserved. The least alteration is the 
isometric transformation1 of identity which appears to correspond with 
Macfarlane Smith*s (1967) position that spatial ability involves ”an ability 
to retain and recognise (or reproduce) a configuration as an organised whole.”
Being task-related the definitions do not imply the elements or 
processes involved in carrying out the tasks. Chapters 4* 5 and 6, have 
been largely devoted to a review of psychological processes which appear 
to be associated with visuo-spatial ability during development and when it 
is fully developed. The main questions with which this section of the 
thesis is concerned are, firstly whether Definition A visuo-spatial ability 
and Definition B visuo-spatial ability differ in the psychological processes 
which they employ, and, secondly, what those processes are.
As far as the first question is concerned it is proposed to use the 
hypothesis
I That the factorial composition of results obtained from Definition A 
type tests of visuo-spatial ability will differ from that of results 
obtained from Definition B type tests.
Experimental Hypotheses
The second question relates to the psychological processes which take
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place when carrying out tasks which fulfil either Definition A or 
Definition B_ or both. The reviews in Chapters 4 and 6 suggest that the 
central issue which requires investigation is the functioning of operational 
thought and of the.use of imagery (visualization). The summaries of Piaget’s 
views in Chapters 4 and 6 show that, for him, imagery is an element in 
figurative cognition and that, ipso facto, it is subservient to operative 
i.e. logical cognition. Indeed, his system of infra-logical operations is 
designed to deal with thought in relation to space and geometry. As the 
discussion in Chapter 2 shows, the empirical evidence so far available does 
not confirm this view and the relation of imagery to operations in difficult 
spatial transformations has not been worked out. At the same time there are 
no grounds for taking the alternative view of Paivio (1969) that spatial 
ability tests provide empirical criteria for imagery differences without 
reference to the possible use of logical operations in their solution.
It is clear that factor analysis cannot yield an answer to this 
problem. Some evidence can be obtained from reports of introspection 
(e.g. Koussy 1935, Barratt 1953). An alternative approach, which seems 
to be the only one likely to prove efficient for the purpose, is to treat 
spatial ability as a dependent variable and to measure the effect of 
special training designed to produce improvement to logical operations 
or the use of visual imagery. This raises the immediate problem of how 
far training of any kind can be expected to produce an improvement in 
visuo-spatial ability. As already mentioned in the last section of 
Chapter 4, the limited available evidence is conflicting. On the positive 
side Blade and Watson (1955) reported a large scale investigation based on 
new entrants to engineering and other courses aged between 16 and 28.
They used mainly 3 dimensional representations as test material requiring 
projective transformation, i.e. a shift in the relation of the observer to 
the figure. Blade and Watson showed that a large improvement in test 
scores and that these scores were maintained during the rest of the four 
year course. Their views are, first, that experience in visualization 
produces an improvement until a plateau is reached; second that spatial 
visualization scores are related to achievement in mechanical engineering. 
This evidence is in conflict with that obtained by Myers (1958) from 
subjects of about the same age, one group of whom had had previous 
training in mechanical drawing whilst the other had not. Myers found no
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significant difference between the performance of the two groups on a 
spatial ability test. The difficulty about a test comparison of this 
kind is that one does not know the full repertoire of experiences which 
individuals have had and whether what is effective for one individual 
is right for another.
Even in a test - re-test experimental design subjects may well 
respond to training designed to improve spatial ability in a way which 
shows that familiarity with particular kinds of test material has been 
acquired instead of a general improvement in spatial ability. Such an 
effect would be expected if the subjects had reached the ‘plateau* to 
which Blade and Watson referred. An investigation which found this kind 
of result was made by Stringer (1971) in which he found that a specially 
designed 4 week drawing course given to a first year group of 
architectural students produced a significant difference in scores on 
only one test which was closely related to work done on the drawing course. 
Otherwise there were no significant difference between the two groups 
after the 4 week period which could be attributed to a general improvement 
in spatial ability arising from the drawing course.
Another important study of spatial ability which throws some light on 
the problem of training is that of Vandenberg (1969) to which reference 
has already been made in Chapter 5* Vandenberg regarded spatial ability 
as founded on visualization but nevertheless included a wide range of 
tests in his battery, several of which he described as soluble by verbal 
reasoning. The object of the investigation was to determine if 
differences existed between the homogeneity of performance of pairs of 
monozygotic twins and those of dyzygotic twins in the age range 12-20.
Most pairs were aged 13-17* Vandenberg found a considerable number of 
significant differences notably on the following tests: Identical
pictures, Surface Development, Card Rotation and Copying Patterns. He 
concluded "that perception of form and of perspective show a higher and 
more consistent tendency to have a significant hereditary component than 
tests which seem to require the ability to move things around in one*s 
mind.” (p. 289). Now, although Vandenberg did not carry out training 
programmes, these results do have training implications for the effect 
of hereditary differences will be confounded with those arising from 
differentiated training on the tests to which Vandenberg refers. 
Consequently, significant differences in an experimental situation are 
less likely to appear on these tests.
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As comparatively little is known about the development of visuo- 
spatial ability it was decided to undertake the investigation in the 
context of development during middle childhood (7 - 13 years). The 
appropriate hypotheses are, therefore:
II. That the visuo-spatial ability of children in the 7 - 1 3  age range 
can be improved as the result of appropriate experiences.
III. That special training in
(a) visualization 
or (b) operational thinking
or (c) a combination of visualization and operational 
thinking applied to the school curriculum
are not significantly different in effecting the improvement of
visuo-spatial ability among children in the 7 - 1 3  age range.
Two hypotheses of subsidiary interest can be attached to an experiment 
which is designed primarily to test Hypotheses II and III.
IV. That Definition A type of visuo-spatial ability will show less 
improvement following appropriate experience than will Definition B 
type.
This hypothesis arises from evidence accumulated in the review of 
psychological processes in Chapters 4 and 6 which suggests that maturation 
plays a larger part in influencing perceptual processes than those which 
are involved in transformations (e.g. Vandenberg 1969).
V. That differences between the sexes in performance on visuo-spatial 
tests will diminish as a result of appropriate experience.
This hypothesis is a formalised expression of opinions mentioned in 
review (e.g. Cattell, 1971) which draw attention to the absence of 
systematic experience in school curricula designed to bring about 
improvement in visuo-spatial ability. Equally it is a test of the marked 
sex differences reported in many factor-analyses (see Chapter I).
Hypotheses related to Development
The reviews of findings in Chapters 5 and 6 must have conveyed the 
impression that evidence about the development of visuo-spatial ability 
during middle childhood is patchy and that it is difficult to make 
comparisons among the various findings.
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A hypothesis derived from the psychometric investigations summarised 
in Chapter 5, will be considered first. From rather isolated studies, 
scattered over a long period, evidence has accumulated of an ability factor 
(or factors) related specifically to visuo-spatial activities which fulfil 
Definition and/or B. This factor has been identified separately from 
general and verbal abilities in a few studies with children as young as 
3 - 4  but continuity has not been established from that age. The factor 
invariably appears in psychometric studies of ability in children of 11 
and seems to become more strongly differentiated from other abilities in 
the early ’teens. It seems appropriate therefore to hypothesize as follows :
VI. That a factor (or factors) related specifically to performance on 
the battery of visuo-spatial tests is more strongly differentiated 
at the age of 12+ than at the age of 8+.
VII. That the performance of children aged 12+ on the battery of visuo- 
spatial tests is superior to that of children aged 8+.
Chapter 6 contained reviews of evidence related to the development 
of certain psychological processes which appear to be associated with the 
exercise of visuo-spatial ability. It does not seem necessary to repeat 
the discussion in formulating the hypotheses which appear below and which 
seem to be appropriate within the context of the thesis.
As was shown in Chapters 5 and 6 it is difficult and inappropriate 
for working purposes to draw a firm distinction between perception and 
cognition when applied to visuo-spatial activities. It seems more useful 
to think in terms of information processing. In this context the evidence 
available suggests a steady increase during childhood in the capacity to 
deal with visual stimuli. Some of this increase probably results from 
learned systems of coding (although these are not highly applicable to 
visuo-spatial data) but there also appears to be a progressive improvement 
in perceptual span. It may be hypothesised therefore :-
VIII. That capacity for processing visuo-spatial data is greater at the 
age of 12+ than at the age of 8+.
On the other hand, given appropriate experience, it appears that 
development of the ability to discriminate shapes may be almost complete 
by the age of 8. The appropriate hypothesis therefore is :-
IX. That there is no difference^given appropriate experience^between the 
ability to discriminate shapes at 8+ compared with that at 12+.
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Spatial imagery was the subject of considerable discussion in 
Chapter 6.' Mobile imagery is thought to be available to most children 
from the ages of 8 or 9. In Chapter 6 its appearance was characterised 
as qualitative development and distinguished from a quantitative pro­
gression, e.g. in perception. It is hypothesised.
X. That there is a qualitative difference between visuo-spatial 
ability at 8+ and that at 12+ which is associated with the 
appearance of mobile imagery.
Finally, it is important to consider changes in the effects of 
learning experiences as development proceeds. Here and there in the 
literature one encounters references to the effects of learning on 
perception or imagery e.g., Piaget 1971, p. 223, but none related to 
visuo-spatial activities in this age range. It seems right, therefore, 
to examine the null hypothesis.
XI. That there is no difference in the effect of training designed 
to improve visuo-spatial ability over a fixed time span at 12+ 
compared with that at 8+.
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C H A P T E R  8
TEST CONSTRUCTION. TESTING AND TEACHING PROCEDURES
Test Construction
An examination of the developmental characteristics of visuo-spatial 
abilities during middle childhood is an important section of the thesis.
That aspect, however, depends almost entirely on information collected as
part of the experimental test procedure and consequently it seemed 
important to ensure that results between the age ranges were comparable. 
The decision was made to apply the whole of the test material used to both 
age groups. This had the practical effect of limiting the age difference 
between the two groups to be tested to about 4 years since the tests used 
have to be sensitive, not only over the age range but also with sufficient 
head room to allow for improvement resulting from practice and training.
It will be evident from Chapter 6 that children aged 7 are the 
youngest to whom tests involving transformations are likely to have some 
meaning. In practice they are too young to be subjected to a lengthy 
series of group tests. It was, therefore, decided to carry out the 
investigation with children aged 8 to 9 which meant that the oldest
possible group to whom the whole set of tests could be given was aged
12 to 13.
There are no spatial tests designed specifically for children of 8+ 
or 12+ although the N.F.E.R. Spatial Test I is said to possess sensitivity 
over the age range 11:00 to 13:11. Details of British spatial tests, some 
of which are still current although not widely used, were shown in Fig. 
Apart from the question of suitability for the two age groups it appeared 
that none of the standardised tests was sufficiently representative of the 
range of activities possible under the two definitions of spatial ability. 
Consequently it was decided to construct a small battery ad hoc (see 
Appendix I). In its final form this consists of the following ten tests 
(148 items). The abbreviation shown in brackets is used to designate 
the test in the statistical tables.
Knots (KN) (10 items). This test was taken unaltered with
permission from the Moray House Space Test I, first issued 
in 1947* The test requires the subject to examine drawings 
of a piece of string and say whether or not a knot would be 
left when it is pulled tight. Although standardised on
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children aged 10 to 12 years this test proved very suitable 
for children of eight and rather easy for 12 year olds. The 
solution appears to require a topological transformation 
(Definition B).
Reflections (RF) (ll items). In the booklet this test was headed
’Turning Shapes Over. * It was taken from the Moray House Space 
Test II first issued in 1955 and also obsolete. At the pre­
testing stage, this material proved rather difficult for 
8 year olds and three additional easy items were inserted.
Otherwise it is unaltered. The solution requires an isometric 
transformation, (Definition B).
Block Fitting (BF) (10 items). This test was taken unaltered from
Moray House Space Test I and is a three dimensional representation. 
It is suitable for children aged 8+ but proved to have barely 
adequate headroom for 12 year olds. The solution requires an 
isometric transformation, (Definition B).
Surface Development (SD) (8 items). This test was taken unaltered 
from Moray House Space Test II. It is three dimensional and 
involves a projective transformation. It was rather hard but 
by no means impossible for children of 8. (Definition B).
Hidden Shanes (HS) (15 items). This test is a simplified and
shortened version of the Hidden Figures Test included in the 
Kit of Reference Tests for Cognitive Factors published by the 
Educational Testing Service. Its origin is in the Gottschaldt 
Figures Test and the E.T.S. describe it as a maker for Factor cf. 
Flexibility of Closure. (Thurstone's Closure Factor 2). With 
, these antecedents it could hardly fail to be included but is 
regarded for the purpose of this investigation as fulfilling 
Definition A. Strictly speaking it involves an isometric 
identity.
Drawing Shanes (DS) (17 items). This test was designed ad hoc. Each 
item includes a spatial mixture of nought and crosses (sometimes 
more than one type of cross is used). For each item the subject 
is instructed to draw a shape which includes, for example, 
all the noughts. Success on the test depends on being able to
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hold a percept of some or all of the required shape and 
this depends on the number and variety of stimuli and the 
area covered by the distribution. The test was included as 
an example of Definition A. It can be marked as a criterion 
based test i.e. on a scale independent of the subjects.
Similar Shapes (SS) (15 items). This test was also constructed ad hoc. 
It requires subjects to select from five possibles an outline 
which is the same shape though not the same size as one which 
is given. The shapes are somewhat rotated to avoid direct 
comparison of angles and the fineness of angular discrimination 
required increases through the test. This test can also be 
treated as criterion based. It involves similarity trans­
formations which do not appear to have been used in any of 
the standardised spatial tests (Definition B).
Rotations (RT) (28 items). In the booklet this test is headed
* Turning Shapes Round. * Some of the items are derived from 
the Card Rotations Test of the Educational Testing Service 
but most are original. The subject is asked to identify shapes 
which are the same as a given one when it is rotated. The 
difficulty depends on the complexity of shape coupled with the 
amount of rotation and the original items can therefore be 
treated as criterion based. The test involves an isometric 
transformation. It is regarded by the Educational Testing 
Service as a marker for Factor S - Spatial Orientation. 
(Definition B).
Form Board (FB) (18 items). This test is a simplified and shortened 
version of the Form Board Test of the Educational Testing 
Service. A number of additional items have been inserted at 
the beginning to make it suitable for younger children. This 
test is regarded by the E.T.S. as a marker for Factor Vz - 
Visualization. It requires the isometric transformation of 
rotation in two dimensions. (Definition B).
Topology (TP) (16 items). This test was constructed ad hoc. In the 
booklet it is headed *Bending and stretching* and involves the 
selection of shapes which can be derived by a topological 
transformation from one which has been given. (Definition B).
Intelligence (NV). Although the classes selected for the experiment
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were unstreamed it was considered necessary to control for 
intelligence. For this purpose it was necessary to administer 
a test and Cattell’s Culture Fair Intelligence Test Scale 1 
was selected for the purpose. This is a non-verbal test which 
takes only 12-|- minutes to administer and for which separate 
sheets can be used. It was first issued in 1949 and the 
standardization procedure included British as well as American 
samples. In addition Scale 2 is applicable to both of the age 
groups involved in the investigation. It had the further 
advantage that association with 11+ selection procedure was 
minimised.
Testing Procedure
All the tests described above with the addition of one other 
(Counting Cubes which was subsequently dropped because it offered insufficient 
head room) were pre-tested on an 8+ class in a Kingston primary school and 
on a 12+ class in a middle school in Merton. This led to the modifications 
described above, and to a re-appraisal of the timing of each and to the 
order of administration. Details are given in .Appendix I. It will be 
noted that none of the tests was speeded; the usual criterion for the 
timing of a power test is that three quarters of the subjects should have 
time to finish as much as they can (see Guilford 1956, p.451). In practice 
this meant that adequate time allowance for the 8+ children was over 
generous at 12+ although the effect was mitigated by the number of tests.
A more noticeable effect was the large range of individual difference in 
time requirement.
All the pre-testing and testing were undertaken by the author.
The final order of test administration and the time allocation was as follows :
KN 14 minutes
RF 3 minutes
BF 2J minutes
SD 2-i- minutes
HS 5 minutes
DS 7j minutes
SS 3 minutes
RT 3 minutes
FB 4-J minutes
TP 3 minutes
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Oral instructions were used throughout, except for individual items 
in Test DS. The total time for administration of the spatial tests was 
50-55 minutes. For the intelligence test which was always given on a 
separate and later occasion the total time required was about 20 minutes.
During testing the children were seated at ordinary school desks.
The primary children were in their own classroom, seated at their own 
desks. In their case the only modification from the normal teaching 
situation, was that, as far as possible the desks were turned to face 
the front. The secondary children were tested in the classroom where 
they would normally have been taught for that period. No restrictions 
were placed on where they sat.
In the second test, which for every child was not less than 7 nor 
more than 8J- weeks following the first test, the procedure was identical 
except that the 12+ children were asked to complete a visualization rating 
at the end of each test. There was ample spare time for this additional 
item.
Visualization Eatings
The ratings to which reference was made at the end of the last section 
were used in an attempt to secure introspective evidence about the use of 
visualization. Fig. 8.1 (insert 8A) is a reduced copy of a sheet given to 
all 12+ children with the spatial tests on the occasion of the second 
testing. The children were asked to give a rating for their use of 
visualization in relation to each of the sub-tests as each one was completed. 
As already indicated the tests were inevitably generously timed for the 12+ 
children and the completion of this rating occupied a minute or so of what 
was otherwise to have been waiting time. It was considered that the 8+ 
children were too young to be asked for a similar rating requiring 
introspection. The procedure was used by Barrett (1953) to elicit 
information about the use of imagery from school boys aged 14-19 and 
university students. Although visualization implies the use of imagery it 
has been found from experience that younger adolescents invariably associate 
words like imagery and imagination with day dreaming or even dreams whilst 
asleep and the use of these words was avoided in the enquiry.
The children were asked to familiarize themselves with the possible 
ratings before the spatial tests were given so that the delay between 
finishing each test and completing the form was as short as possible.
In the event, the procedure did not raise any practical difficulties.
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After finishing each test, please look at the- sentences below- and'choose tho 
one vhich boot describes how you found, tho answers.
1) I found the.answers entirely by visualising i.e. 'seeins* the chapes etc. 
being moved around 01* altered. _
2) I found the answers mainly.by visualizing but with help from some other kinds 
of thinking. ■ • • . \
3) I found the answers partly by visualizing and partly by other kinds of thinking. 
They were of about the same impoi'tance.
4) Visualizing was of sone use in finding the answers but other kinds of thinking 
; vore definitely more important.
5) Visualizing did not'help ne at all in finding the answers.
Please write the number for the sentence you choose in this list:-
.. IIP . . *
BP . . . . .  . . . . . . . . . . . .
SI) -.«..«..«.«.«.«««..................
.... s ' . '  ■ .
. HS 
• BS 
SS 
HP 
PB 
TP
.......... ^
Fig. 8.1
Insert 8A
Findings based on information from the ratings are discussed in 
Chapter 9*
School Organisation
The considerations which led to the decision to carry out the test 
of Hypotheses II and III with children aged 8+ and 12+ have already been 
discussed at the beginning of this chapter under the heading of Test 
Construction. The test of Hypothesis III requires either three comparable 
groups or two pairs of comparable groups. In the latter case the 
possibility of making a direct valid comparison between groups which have 
received special training in operational thinking and in visualization 
respectively is much reduced. It was therefore decided to look for 
schools which would offer three comparable groups. In a school context 
these inevitably have to be classes since there is usually opposition to 
the withdrawal of matched groups of children for special training and in 
any case, the facilities required, such as spare rooms, are not usually 
available. The test of Hypothesis V requires mixed groups.
The problem thus became one of finding three comparable mixed classes 
of 8+ children and a similar set of 12+ classes. This proved difficult 
because comparatively few primary schools have three classes in one year 
and, of the mixed secondary schools, few schools have unstreamed classes 
of 12+ children. In the event a primary school with almost the right 
conditions was found in Kingston and a secondary school in Woking. There 
were some children from semi-rural areas in the secondary school but 
otherwise the social and occupational structures of the two catchment 
areas were not very different. In each case, the experimental conditions 
were less than ideal. In the primary school it was found that the three 
classes were constructed largely on an age basis, birth dates in one class 
mostly ranging from September 19 63 to January 1964, in the second class 
from February 1964 ^ay 1964 and in the third class from June 1964 to 
August 1964. In the secondary school birth dates in all three classes 
ranged from September 1959 to August i960. The age distribution in the 
primary school led to a decision to control statistically for age in the 
analysis of results. The classes thus identified are described hereafter 
as the E (experimental) classes.
The mean intelligence quotients on the Culture Fair Test of boys and 
girls separately in each of the Schools were as follow:
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MEAN INTELLIGENCE QUOTIENTS
8+ 12+
Boys 103.87 101.76
Girls 101.03 IOO.56
Total 102.45 101.17
Table 8.1
(For further details of the classes see Table 8.5)
These reflect the above average social conditions in both Kingston and 
Woking. Averages in the secondary school classes were somewhat lower than 
those in the primary school because, although the school is large, well 
equipped and designated comprehensive, it is almost certainly not fully 
representative of the ability range in the area. A substantial, although 
unknown number of children attend independent schools and these are almost 
certainly an above average group. There are also selective L.E.A. schools 
in Woking which take approximately 14% of each age group.
Scoring
Absences and changes in the experimental classes meant that results 
from a number of subjects were incomplete and these were entirely omitted 
from the study. Wastage was unexpectedly high and was, of course, 
increased by the decision to administer the spatial and intelligence tests 
on separate occasions. The summary of wastage and available results is 
as follows:
NUMBER OF SUBJECTS AND WASTAGE IN THE E CLASSES
8+ Children 12+ Children
Results Results
NoR Wastage used NoR Wastage used
Class 1 B 13 3 10 Class 1 B 14 2 12
G 24 2 22 G 12 3 9
Class 2 B 22 4 18 Class 2 B 16 4 12
G 15 2 13 G 14 4 10
Class 3 B 21 5 16 Class 3 B 14 4 10
G 14 3 11 G 19 2 17
Total B 56 12 44 Total B 44 10 34
G 53 7 46 G .45. 9 3.6
109 19 90 89 19 70
Table 8.2
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Scoring was made as objective as possible. The front sheet of each 
booklet which carried the child*s name and class was detached before 
marking. The two tests on this sheet were then marked by a person not 
otherwise involved in the investigation. The same person numbered the 
booklet remainders and mixed them to prevent identification. They were 
then all marked by the author. With the exception of Test US scoring was 
entirely objective. Tests KN and RT are of the true-false type and wrong 
answers were subtracted from the total correct. Warning that this 
procedure would be used was given at the time of testing with the object 
of discouraging guesses. This appeared to be almost completely 
successful with the older children; less so with the younger ones.
The marking of Test DS required some small exercise of judgement in cases 
where children had drawn more than one line but in nearly every case the 
intention was clear. The scoring key is given in Appendix II.
The R Classes
The battery of tests was administered in its final form to a class of 
8+ children and another of 12+ children who had not been involved in the 
preliminary trial tests and did not form part of the experimental group. 
These classes are described hereafter as the R classes. The principal 
purpose of this part of the investigation was to establish levels of 
test normality, reliability and criteria which could be applied to the 
experimental groups (see Chapter 10). It is important to state, however, 
that the R classes were not regarded as control groups and the results 
from them are used only for purposes of comparison with the experimental 
groups as whole age groups i.e. not with the separate treatment groups.
In the writer*s view it is impracticable to make experimental comparisons 
between schools except in very large scale investigations where many of 
the variables can be randomized. In the case of spatial ability, 
adventitious experience appears to be important and may well arise from 
less than obvious differences in curricula and teaching methods between 
schools. Therefore, the decision was taken a priori to restrict the 
experimental investigation proper to classes within a single school but 
even with this constraint, additional steps to control variables had to 
be taken. (See the previous section on school organisation.) It can 
also be argued in relation to Hypothesis III (discussed in Chapter 7) 
that teaching through a normal school curriculum, albeit with special 
attention to opportunities for visualization and operational thinking, 
can be considered a control on the effects of special training in
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visualization or operational thinking separately. This is the view 
adopted here.
The scoring procedure for the R class results was the same as 
that used in the E classes. Wastage and available results are shown 
below.
NUMBER OP SUBJECTS AND WASTAGE 
IN THE R CLASSES
8+ Children 12+ Children
NoR Wastage Resultsused NoR Wastage
Results
used
Boys 16 0 16 14 1 13
Girls 14 0 14 17 3 14
30 0 30 31 4 27
Table 8.3
The a priori decision not to consider the R classes as control 
groups appears to receive support from a comparison of scores on the 
first test (i).
RAW SCORES ON TEST I
8+ 12+
E Classes
1 39.97 79.90
2 39.94 72.86
3 39.11 82.19
Combined 39.70 79.29
R Class 53.23 68.56
Table 8.4
It seems unlikely that any statistical manipulation could control 
the large differences between schools reflected in these results.
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Test Normality. Reliability and Validity
The means and standard deviations obtained in the R classes by- 
boys and girls separately on each of the individual tests are shown in 
Appendix III. Before further analysis the spatial test results were 
subjected to investigation to see if an assumption of normality could 
be made. Measurements of kurtosis and skewness are shown in Table 8.5 
(insert 8B). As will be seen from Table 8.4 there are only three results 
in which the measures of kurtosis and skewness show a greater deviation 
from zero, i.e. a normal distribution, than can reasonably be attributed 
to chance.
The Kolmogorov-Smirnov Test for goodness of fit was also applied 
but in no case was a difference significant at the 0.05 level (or for 
that matter at the 0.01 level) from the normal distribution found.
Further analysis has therefore assumed a normal distribution parameter.
For the purpose of investigating reliability the battery of tests 
was assumed to be heterogeneous since, as indicated in the description 
of the individual tests, several of them are considered to be markers 
for different factors. Consequently the use of the split half 
technique for determining reliability was regarded as unsuitable (see 
Guilford, 1956, P*450) and the test - retest method was employed. For 
this purpose the spatial test battery was administered to the R classes.
A retest was carried out after approximately the same interval as that 
which occurred in the experiment (approximately 7 weeks). The product- 
moment correlation coefficients between test and retest results are 
also shown in Table 8.5 (insert 8B).
Results from individual tests with correlations between Test I 
and Test II which did not reach the 0.05 level of significance were 
not used in subsequent statistical investigations where these employed 
parametric techniques. The tests thus rejected were SD, SS and TP in 
the 8+ age group and KN, RF and SS in the 12+ age group. Test SS, 
however, can also be treated as criterion based and scored 
independently for this purpose. Results obtained by this procedure 
have been used in the study and are described in Chapter 10. The 
reliability of the Culture Fair Intelligence Test in this study was 
not investigated. The Manual for Scale 2 of this test gives a 
test - retest coefficient of 0.85 based on a group of 45° British
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KURTOSIS(K), SKEWNESS(S) AND TEST - 
RETEST CORRELATIONS IN THE 
R CLASSES
Test I Correlations Test I - II I
8+ 12+ 8+ 2.2+
KN K - 1.05 - 1.25 **
0.51 0.29
S - 0.51 - 0.52 1
RP K - 0.16 0.93 **
* 0.54 0.29 |
S - 0.51 - 1.20
BP K - 0.32 - 0.52  ^**O.46 O.64
S - 0.27 0.13
SD K 0.71 - 0.85 1 ■X-*
k 0.23 0.64
j S 0.49 O.64 1l ' *|
i HS K - 0.08 2.57 * #*
0.37 0.51
i *
1 S 0.29 1.43
1
DS K - 0.43 - O.64 **| j 0*66 0.73
?: S 0.82 0.07 j
i SS K - 1.00 0.37 1
0.01 0.25
I S 0.09 - 0.38 i
i1 RT K - 0.28 - 0.09 1
„  **
; 0.61 0.68
\ S 0.54 0.00 !
I PB K - 0.53 0.80
t
£ ** **
0.54 0.70
S O.48 0.85
1 TP K - 0.62 1.46 , **
| 1 0.28 0.65
r S 0.31 1.17
! Overall O.77** 0.81**
| Kurtosis and Skewness * = Difference from zero
significant at the 0.05 level. (See McNemar (1949) P.78
for details of the calculation.
j Correlations * = Significant at the 0.05 level
* *  - Significant at the 0.01 level
Table 8.5
Insert 8B
children aged 11+. The time interval between test and retest is not 
stated.
Two approaches were made to the problem of validity. At the 
pre-test stage the problem was discussed with the class teachers 
concerned and, as a result, a short questionnaire about the children*s 
attainment in art, some aspects of geography, geometry and relevant 
out of school activities e.g. chess was prepared. This was shown to 
the three class teachers concerned in the primary school who attempted 
to complete it. However it quickly became apparent either that they 
did not have the rather specific information required or that such 
information was only available for a small proportion of the children 
whom they happened to know well. As it was evident that even this 
partial information would not be available in a secondary school 
because of the high proportion of specialist teaching, the approach 
via the teachers was abandoned.
A direct approach was then made to the children. In the 12+ class 
used for the investigation of reliability the children were asked at 
the time of the first test to note on the front of the booklet whether 
or not they could play chess and to give some idea of their standard. 
The latter part of the question produced no usable answers but 15 of 
the 27 children in the class said that they could play chess and this 
information was used in conjunction with the results on the first test 
to calculate biserial r = 0.61 (Estimated S.E. = 0.17). This procedure 
was not used in the 8+ class because it was not expected that more than 
a handful of the children had any acquaintance with chess and no 
alternative activity which could be regarded both as suitable for 
validation and likely to secure a balanced dichotomy came to mind.
The procedure was elaborated in the 12+ classes used for the 
experimental investigation by the inclusion of two questions in a short 
questionnaire which the children were asked to complete at an early 
stage in the treatment period. These are reproduced below:
1) Do you play draughts and/or chess? If so, which? Please add a 
note if you are particularly keen on chess e.g. belong to a chess 
club.
2) Please say if you particularly enjoy any of the following (or a 
similar activity)
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Technical drawing 
Geometry
Map reading (not just copying maps)
Making up designs and patterns in Art or Needlework
In scoring the answers to these questions it was possible to categorise 
part of the information given in question 1 and a simple dichotomy was 
made on the basis of whether or not the child played chess. In the case 
of question 2 the division was made between those children who said that 
they enjoyed two or more of the activities listed (or others similar) 
and the rest. The results were less satisfactory than might have been 
expected. For the whole group of JO 12+ children, there was a biserial 
correlation of 0.16 (Estimated S.E. = 0.14) between initial test scores 
and the replies to question 1. The biserial correlation between 
question 2 and initial test scores was O.36 (Estimated S.E. = 0.13).
It seems likely that the tests used in this study and listed earlier 
in this chapter will be agreed to require spatial ability as already 
defined. Their content validity is therefore not in question. The 
validation procedure described above attempted to establish construct 
ability for the psychological processes involved in the tests. It can 
be claimed that the information above provides some evidence for this 
type of validity although it is by no means strong.
Teaching Arrangements
1. As already described six classes were used for the experimental 
investigation, three parallel 8+ classes in a Kingston primary school and 
three 12+ teaching groups in a Woking secondary school. All these groups 
were unstreamed. In the case of the primary school classes teaching time 
was simply made available by the class teachers who were otherwise 
responsible for the whole of the teaching. In the secondary school 
teaching time was found in two of the classes by allocating one period 
from English and another from Art. In the third class the two weekly 
Geography periods were used. The school is large and most of the teaching 
is undertaken by specialist teachers so that the time-tabling of special 
teaching programmes presented considerable problems.
Attention has already been drawn to the probable importance of 
adventitious experience in the acquisition of spatial ability and the 
marked individual differences which result from it. This variable cannot 
be properly controlled and it is liable to mask group differences resulting 
from special training. Under normal educational conditions the individual
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differences resulting from variations of experience can be expected to 
be somewhat reduced, the longer that children have been at school. In 
a secondary school, where the impact of individual teachers is usually 
diffused instead of being concentrated on one class, the tendency for 
the variation to be reduced should be stronger than in a primary school.
In this investigation all that can be said in relation to this variable
is that the social and occupational structures of the two catchment areas 
were quite similar, the great majority of the children had spent four 
terms in the respective schools and nearly all of them had spent one term 
with the same group. It would be true to say however that the 12+ 
Geography set had spent appreciably less teaching time together than had 
the other two 12+ teaching groups.
2. As required by Hypothesis V, all six classes were mixed although
in most of them there was a marked disparity between the numbers of boys
and girls. Details are given below of the numbers on roll together with 
average ages and intelligence quotients at initial testing as determined 
by the Culture Fair Scale 2 Tests (standardised at S.D.16). All this 
information relates to the teaching groups and not to the results which 
were subsequently used for analysis i.e. the number on roll less wastage. 
Information on this point has already been given in Table 8.2.
AGE AND INTELLIGENCE RANGES IN THE E CLASSES
N o R Average
Affe
Range Average
I.Q.
Range
8+
Class 1 B 13 9y 2m 9y lm - 9y 5m 104*3 81 - 122
G 25 9y 2m 9y lm - 9y 5m* 104.0 82 - 127
Class 2 B 22 8y 8m 8y 6m - 8y 10m 107.7 81 - 130
G 15 8y 7m 8y 6m - 8y 9m* 99.6 80 - 122
Class 3 ^ 21 8y 11m 8y 8m - 9y 5m 99.6 70 - 118
G 14 8y 11m 8y 9m - 9y 4m 99.5 81 - 122
12+
Class 1 B 14 12y 11m 12y 6m - l3y 5m 102.0 60 - 149
G 12 12y 10m 12y 6m - l3y 4m 98.6 76 - 130
Class 2 B 16 12y 11m 12y 6m - I3y 5m 95.6 76 - 114
G 14 12y 11m 12y 6m - l3y 5m 100.1 84 - 124
Class 3 B 14 13y 1m 12y 8m - l3y 5m 107.7 86 - 132
G 19 12y 11m 12y 6m - I3y 3m 103.0 68 - 126
* 1 girl in Class 1 was aged 8y 8m.
1 girl in Class 2 was aged 9y 3m.
Table 8.6 
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+ These groups contained one or more children whose raw scores on the
Culture Fair Test were too low for the I.Q. conversion scale to be 
applicable. In averaging their I.Q.s have been taken as the lowest 
on the scale. The class average is therefore a little too high.
3. To enable meaningful comparison to be made the amount of time 
spent in teaching had to be fixed. As the timetabled period of the 
secondary school was 40 minutes, this was adopted as the standard 
teaching period.
4. No previous training programme specifically designed to improve 
spatial ability in the 7-13 age range is known to exist. To ensure 
adequate opportunity for improvement in ability whilst minimising the 
possibility of boredom purpose-built programmes were constructed on the 
basis of 10 periods for each group.
5. To allow adequate time for assimilation the distribution of 
periods was fixed at a rate of 2 per week. Ideally, this would have 
allowed for the completion of the programme in 5 weeks but this proved to 
be impracticable because of the incidence of half term and unforeseen 
interruptions such as a bomb scare. In the event the teaching programmes 
were completed within periods ranging from 6 to 7 weeks.
6. Variables arising from interpersonal relations and styles of 
teaching were controlled as far as possible because the author carried out 
the whole of the teaching programme. Such variables cannot be completely 
controlled however because they are linked in part to the content of the 
programme. In addition, it must be mentioned that personal relations were 
less good with one 12+ class than with the others.
7. All three 8+ classes were taught in the afternoon because the time 
of day is known to be an important variable in the performance of primary 
school children. It was impossible to teach the complete secondary programme 
in the afternoon as well and the school’s timetable made it impracticable to 
arrange all the periods in the morning. In the event, two of the six periods 
each week were taught in the afternoon, so that two of the 12+ classes had 
one period in the morning and one in the afternoon, the other had both 
periods in the morning.
8. Absences were not a serious problem. Among the children whose 
test results were used the incidence of absence was as follows:-
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ABSENCES
5 4 3 2 1 0
periods periods periods periods periods
12+ Class 1 1 1 1 16
2 1 3 5 13
3 1 4 5 17
8+ Class 1 1 3 10 19
2 2 9 20
3 2 8 17
Table 8.7
Teaching Procedures
The basic aim in the training programme for all six experimental classes 
was the improvement of visuo-spatial ability. At each school Class 1 was 
given a special programme designed to give experience in visualization using 
both static and transformational imagery. Class 2 was given a programme 
which required the application of logical operations and judgement to a 
variety of material. In Class 3 the teaching was designed to bring about 
the improvement of spatial ability through the normal curriculum including 
the use of both logical operations and visualization. For this purpose 
certain aspects of Science were used for the 8+ children and the Geography 
of Australia for the 12+ children. Whilst work in these classes was prepared 
in more detail than would often be the case in day to day teaching it was 
not far removed, either in content or method, from what would be regarded 
as normal good practice.
Although the time allocation for each class was strictly observed it 
was neither practicable nor desirable to use set piece lessons because of 
the very large ability range in every class. The pattern of work adopted 
in Classes 1 and 2 was based on a series of progressively more difficult 
assignment sheets the use of which was varied by short spells - often no 
more than 10 minutes - of teaching to the whole class. By the end of the 
experimental period a very great difference had appeared between the 
attainment of the fastest and slowest learners. Such a programme 
theoretically maximises the speed of learning for every individual and
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is possible where skill learning is the basis of the work. In Class 3 
at both age levels more attention had to be paid to content so that a 
larger proportion of time was spent in teaching to the whole class. 
Nevertheless, individual assignments were a strong feature of the programmes 
in these classes as well,
A summary of the programme of teaching undertaken in each class 
follows :-
8+ Class 1
(a) The reproduction of visual material from a matrix. A board divided 
into 12 squares, 4 of which were occupied by dots was exposed to 
view for about a minute. The children were asked to reproduce the 
position of the dots. This activity was varied by increasing the 
number of dots and by varying them with crosses and triangles. The 
children could also be asked to indicate the direction between two 
dots rather than reproducing the position.
(b) Pieces of paper were folded and cut in front of the class. The 
children were asked to anticipate by drawing, the outline of the 
paper showing the position of holes and creases when unfolded.
(c) A few simple shapes e.g. squares, circle, triangle were drawn on the 
blackboard. The children were asked to draw as many objects as 
possible using only these shapes.
(d) A large set of taskmaster1 apparatus consisting of 11 different 
shapes in two different sizes, two different thicknesses and three 
different colours, provided the basis for many activities. In the 
simplest one the children were given a template of a shape which 
could be made up by using 4 pieces from the Taskmaster set and told 
to discover how this could be done. In harder exercises the children 
worked from a drawing smaller than the Taskmaster pieces and the 
shapes could only be constructed by using more than four pieces.
(e) Simple 3-dimensional objects, usually consisting of various shaped 
boxes stuck together, were displayed. The children were asked to 
draw how they would look from above or from a side other than that 
on which they were sitting. This exercise was extended to the 
drawing of a map from a 45° view of a model village.
(f) The children were introduced to the game of pe'ntominoes which is 
played on a board with 64 uncoloured squares. A pentomino is a shape
produced by sticking five squares together. There are 12 different 
ways in which this can be done. The game can be played by 2 or more 
players who take it in turns to lay one of the set of pebitominoes on 
the board. The object of the game is to create a spatial situation 
in which your opponent is unable to follow your turn.
(g) A group of isometric transformation was introduced i.e. turning 
round, turning over and combinations of the two. The children were 
asked to solve various problems of this kind mostly based on letters 
of the alphabet.
(h) The children were asked to copy complex shapes and to answer questions 
about areas included in complex shapes. This was extended to problems 
involving 3 dimensional representation.
Most of the children managed to complete the full programme based on these 
activities. A few went further and attempted topological transformations 
and more difficult problems involving 3 dimensional representation. These 
children successfully used some of the material which had been prepared for 
the 12+ Class 1. An example of a work sheet used with this class is 
included as Fig. 8.2. (insert 8C)
8+ Class 2
In recent years some interest has been shown in the introduction of 
logic via Mathematics to junior school children. However the children in 
this class had had no directly relevant experience before the programme 
outlined below.
(a) Sets. The children were simply asked to select the things which go 
together from a miscellaneous collection. They proceeded quickly from 
this point to form the rule by which the set they had constructed was 
made up.
(b) Attributes and members. The children played various games with sets 
of 'Logiblocks' consisting of 48 plastic blocks in 4 different shapes,
2 different thicknesses, 3 colours and 2 sizes. The games mainly 
entailed choosing a shape possessing one or more of the right attributes 
to fit a sequence. It is of interest to note that this apparatus 
could have been interchanged with the 'Taskmaster' set which was being 
used in quite a different way in Class 1. The children extended the 
use of attributes by using a work sheet which provided a series of 
miscellaneous sets and asked for one more thing to go in the set as
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well as the rule on which it is based. Operational activity in 
children of this age frequently outruns their capacity for verbal 
expression. However, the converse exercise was also given - 
providing a rule and asking for the construction of a set.
(c) Interactions. The children were given two sets and asked to name or
draw an object which could belong to both.
(d) Hierarchical classification. This inevitably introduces the idea of 
negation, e.g. Objects made by Man/Objects not made by Man and is 
very difficult for children of this age.
(e) Biserial classification. The children were asked to fit shapes into
a grid on which the coordinates were area and number of sides. This
was accomplished quite successfully.
(f) Multivariate classification. This employs two or three sets. Two 
sets presented little difficulty to the children after the preparation 
described above.
(g) The use of Venn diagrams in deductive logic. The children were asked
to draw diagrams showing 'all1, ’some1 and ’none.’
(h) The children were asked to undertake the converse exercise of 
interpreting Venn diagrams. This is extremely difficult for most 
children of this age unless the problem is posed in multiple choice 
form. It can then be tackled successfully by most children.
As the possibility of introducing logic in some form into the school
curriculum was being considered the following extract from a report 
which was made to the Headmaster following experience of teaching this 
programme may be of interest.
’’The points to avoid in teaching logic to children of this age are 
verbalism, concepts which depend entirely on verbal constructs, e.g.
’not made by Man' and the symbols which are associated with set theory. 
Exercises need to be devised which use a variety of materials and objects. 
I think it unfortunate that logic in school tends to be associated 
exclusively with mathematics and not used as a general skill. However, 
it is also true that logic beyond the stage which I reached requires a 
fluency and precision in English which some children will not achieve 
until much later, if ever."
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8+ Class 3
As shown below this programme centred on simple machines. However 
it also included regular observations of the weather:and incidental study 
of nature specimens which were brought in to the classroom.
(a) Machines and Energy. Pictures showing simple machines e.g. a boat 
being rowed were examined for the source of energy and how it is 
harnessed to produce movement. This is a typical approach to the 
improvement of spatial ability through the curriculum in that the 
activity appears to involve the perception of objects, kinetic 
imagery and deduction.
(b) Levers, Fulcrum, Load and Energy. This work was carried out 
practically either by demonstration or through practical work in 
groups with home-made apparatus. The children used a spring loaded 
hook to measure the force required to raise loads of various sizes 
in different positions on the lever.
(c) Force and Distance. This relationship was introduced by comparison 
of the force required to raise a suspended roller skate with that 
required to pull it up a ramp. The principle was then extended by 
using two kinds of block and tackle to show how the same force 
travelling over a longer distance could be used to raise a heavier 
load. The experimental work was supplemented by deduction from 
appropriate pictures e.g. showing hairpin bends on mountain roads 
and launching ways.
(d) Cogs and belt drives. These are essentially further examples of the 
force-distance principle but also show how energy in one form can be 
re-directed. Again this was treated by the practical investigation 
of simple working models. Finally a bicycle was brought in to show 
how various machines are combined in an object which many children 
of this age possess.
Much of the teaching directed towards the improvement of spatial 
ability cannot be adequately described in this summary. For the most part 
it occurred in casual,intervention whilst the children were engaged in 
experimental work on watching demonstrations e.g. ’Can you imagine what 
happens when this string is pulled?' 'How does the engine make the car go 
forward?’ Emphasis was laid as far as possible on individual thoughtj
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frequently, this involved a combination of visualization and logical
operations but other elements such as reading, memorising and computation
were also present. A lesson example is given in Appendix V.
12+ Class 1
(a) The reproduction of visual material from a matrix. The same apparatus 
was used as in 8+ Class 1 but with a greater number of dots. It 
appeared that six was about the maximum number which could be located 
correctly after a minute*s pause. This exercise was varied as in the 
case of the 8+ children by the use of crosses and triangles and was 
much enjoyed as a short break from other activities. Later in the 
course it was extended to the reproduction of selected items on maps 
and pictures after a short exposure. This involved generalisation, 
e.g. drawing a shape to show where most of the woodland is.
(b) Paper folding. After a little practice most of the class could 
anticipate the position of holes after two folds but three folds 
proved too difficult for most. This activity was treated simply as
a novel exercise but the ability of the class was broadly in line with 
that reported by Piaget and Inhelder in 'Mental Imagery and the 
Child* p. 224.
(c) Making up shapes with 4 or 5 'Taskmaster* pieces. As might have been 
anticipated, this exercise, which was the same as that used by the
8+ children, was quickly mastered by most but not all of the children.
(d) Drawing a model village seen from an angle of 45° as a map. Whilst 
all the children had no difficulty with coordination positioning, many, 
particularly girls, could not make the projective transformation 
without help.
(e) The game of pentominoes. This is described in the 8+ programme, and 
was greatly enjoyed by 12+ children.
(f) Exercises based on representation of three dimensional objects made 
from blocks. These could not be done by 8+ children and presented 
difficulties for several of the 12+ children some of whom had, in 
the first instance to construct the objects from blocks of wood. 
Examples of these exercises are shown in Pig. 8.5 (insert 8D)
(&) Types of transformations were introduced and the relationship of a 
group of isometric transformation to symmetry was discussed.
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(h) The children were asked to design the layout of a car park to
accommodate the maximum number of vehicles in a given space with 
limited possibilities for access. Those who succeeded in this task 
were asked to design the layout of a new housing estate using a 
contoured base map.
These activities were, on the whole, enjoyed by the children and there 
were good classroom relations.
12+ Class 2
The programme with this class was based on that for the 8+ children 
but difficulties were experienced at the outset because some of the 
children had a slight acquaintance with sets. Also, some of the material 
was thought by the children to be too easy - this proved deceptive.
(a) Sets, attributes and members. These were introduced briefly and 
grasped without difficulty.
(b) Intersections of two and three sets. These were grasped without much 
difficulty by most of the children. A few needed additional practice. 
One or two mathematical problems using sets were attempted.
(c) Hierarchial, Biserial and Multivariate classifications were applied 
to material in pictures and textual form.
(d) The children were asked to make statements based on the interpretation 
of Venn diagrams and using 'all1, 'some', and 'none.' It was not 
necessary to use the multiple choice form of answer.
(e) Syllogisms were introduced. The children were asked to say if each of 
the premises were true or false and whether the conclusion could follow 
from them. At the points where the logic could not be checked by the 
context most of the children experienced difficulty. An attempt was 
made to overcome this problem by the use of Venn diagrams.
(f) Inductive logic was introduced informally through a series of homely 
problems requiring judgement. In most cases these required multiple 
choice answers and in this form could be attempted successfully by 
most of the children.
This course had a number of weaknesses. For a time there were 
difficult relations with this class but these improved during the course.
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It is clear to the writer that logic at this stage, if it is to he 
generalisahle, cannot, in practice, he separated from the use of English. 
Multiple choice forms do enable less ahle children to perform operations 
which they would otherwise he unable to attempt.
12+ Class 5
The preparation of a programme using geographical content and designed 
to improve spatial ability presented particular difficulty. As the 
discussion on the nature of the subject in Chapter 2 showed, the location 
of objects in actual or perceived space is the raw material of Geography 
and a great deal of intellectual activity within the subject can be 
characterised as spatial thinking. However, repeated attempts to demonstrate 
a connection between various statistical constructs of spatial ability and 
performance in Geography have all failed. One of the most elaborate test 
batteries (Taylor, 1959) resulted in a comment (p. 177) that there was no 
evidence that spatial ability enters into geographical attainment. But the 
k-factor which Taylor equated with spatial ability cannot be an operational 
definition since it is only a statistical construct, unlike the definitions 
employed in this thesis. As the intention was to bring about an improvement 
in spatial ability through Geography, preparation proceeded on the basis 
that activities involving the visual examination and transformation of 
non-symbolic data were most likely to be effective. This puts a premium on 
the use of pictures and maps, not simply by way of being illustrative 
material but as a basis for activities such as the description of a picture 
involving close examination the conversion of data in a picture into maps 
form (projective transformation), the comparison of two maps on different 
scales (similarity transformation), the re-orientation of a map (isometric 
transformation). All these activities were carried out within the programme 
and can occur in any programme with geographical content. The extent to 
which they do appear arises from teaching style and, beyond that, beliefs 
about the objectives of the subject. As implied in Chapter 2 the necessity 
for visuo-spatial ability in Geography has, at more advanced levels, been 
diminished by the increasing use of mathematical and computer techniques 
but it continues arguably important for school children.
The programme used continued the year’s syllabus in Geography by 
beginning a study of Australia. There were considerable problems of 
presentation since the children had neither individual atlases nor a source
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of pictorial material so that much of the teaching was based on hand 
drawn pictures and photo-copied maps. As with the other classes the 
work was individualised as far as possible to increase the intensity 
of learning and some rather elderly books, each dealing with a different 
Australian topic were distributed for the purpose. Work on these topics
was intermingled with the study of a cattle station in Queensland and,
later in the programme, with a study of some aspects of the climate of 
Australia. Some time was also spent on the comparison and interpretation
of graphs. Much greater time was given to preparation than would be
possible with a normal teaching load and oral questions were carefully 
considered. The general effect, however, was of geography teaching 
appropriate for the age group and including elements such as memory work, 
the use of written material and computation which do not make an obvious 
contribution to the improvement of spatial ability. A lesson example 
is given in Appendix V.
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H A P T E B  9
AMINATION OF HYPOTHESES - I:
QCESSES
This chapter includes a consideration of Hypothesis I on the basis 
results from the first tests and of Hypotheses II, III, IV and V in 
e light of results obtained following the teaching programmes outlined 
the previous chapter. Findings related to the hypotheses of develop- 
wnt VI to XI are considered in Chapters 11 and 12.
e Examination of Hypothesis I
AThat the factorial composition of results obtained from 
Definition A type tests of visuo-spatial ability will 
differ from the factorial composition of results obtained 
from Definition B type tests.*
In order to test this hypothesis, the following procedure was employed, 
cores derived from the initial testing (Test I) in the two groups of 
perimental classes (8+ and 12+) were converted to Z-scores using Sub- 
rogram Condescriptive in the Statistical Package for the Social Sciences 
Hie et al, S.P.S.S. Second Edition 1975)* Three of the visuo-spatial tests 
ere excluded in each age group on the grounds of unreliability so that the 
ets used were as follows:
+ Tests HV (intelligence)
HS, DS. (Definition A)
KN, EF, BF, RT, FB. (Definition B)
2+ Tests FV (intelligence)
HS, DS. (Definition A)
BF, SD, RT, FB, TP. (Definition B)
complete matrix of inter-correlations for each set was obtained by using 
b-program Factor in SPSS and this is included in Appendix III. Table 9»1 
Insert 9A) shows correlations which are above the 0.05 level of significance
0.23 the 12+ age group and 0.21 for the 8+ group). It will be seen at 
nee that those in the 8+ matrix are both fewer and smaller than those for 
he 12+ age group. The differences between the correlation matrices offers 
vidence about the developmental processes involved in visuo-spatial ability 
d this will be considered in a later chapter.
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CORRELATION COEFFICIENTS 
BASED ON 2-SCORES
EXPERIiyIENTAL GROUP-TEST I
+
N = 90)
HV HS DS KN RP BP RT FB
7 k7 38 k9 hi
S -
S
vr
23 29 22 27
5l
F — 25
F - 31
T -
B —
2+
(N = 70)
NY HS DS BF SD RT FB TP
V - 45 66 36 56 39 48
S 44 42 29 hi 48
s 47 ho 27 45 47
F 30 40
~D - 37 32
T - 28
B -
TP mm
Decimal points omitted. Only correlation higher than
0.05 level of significance shown.
Table 9*1
Insert 9A
Subprogram Factor was used to carry out a principal components 
oalysis. This was treated as a two stage process, seven factors being 
xtracted in a first analysis. The eigenvalues of these were then plotted 
gainst the factor number to enable a scree test to be carried out (see 
hild, 1970 p.44)* As a result it appeared that four factors should be 
xtracted in respect of the 8+ age group and three factors in respect of 
he 12+ age group. Appropriate principal components analyses were made, 
he orthogonal axes being rotated to a varimax position of greatest 
implicity. The factor loadings are shown in Table 9*2 (insert 9®). The 
irt-Banks formula (see Child, 1970 P»97) was used to determine the 
ignificance level of the loadings.
It is immediately clear that Hypothesis I must be rejected in 
espect of the 8+ age group since tests DS and HS are factorially quite 
‘.ssimilar from each other. For the 12+ age group Tests HS and DS are 
actorially quite similar to each other and can be distinguished from the 
efinition B tests in being loaded by both Factors I and II. Test DS, in 
articular, seems to be more factorially complex than any of the other 
isuo-spatial tests, indeed more complex than the Culture Fair test, most 
f which falls outside both Definitions A and B. In both age groups most 
f the Definition B tests are simple in factorial composition but evidently 
eterogeneous when considered as a group. In summary, it can be concluded 
hat, if the factorial compositions of visuo-spatial tests applied to the 
+ age group reflect psychological processes, these are independent of 
ogical definitions. In respect of the 12+ age group it appears that 
erformance on tests which require the examination of visuo-spatial data 
e less dominated by a single psychological process than are tests which 
equire the transformation of visuo-spatial data.
rther Study of the Factor Analyses
If the factor loadings for each age group are considered in detail, it 
s clear that for the 8+ group a single factor accounts for much of the 
ariance in test NV (Culture Fair Intelligence), DS, RF, BF and FB. It 
ill be recalled that test DS requires the examination of data and that 
ests RF, FB and BF require isometric transformations, the last named in 
hree dimensions. The second factor loads on tests DS and RT, the latter 
volving isometric transformations. The third factor loads on tests HS 
d, weakly, on test BF. The fourth factor loads significantly only on 
est KN which requires a topological transformation.
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VARIMAX FACTOR LOADINGS 
BASED ON Z SCORES
EXPERIMENTAL GROUP TEST I
8+
Pactors Communality
I II III IV
NV
j’: t’s
.84 .12 .01 • 16 .74
efinition A
HS .07 .01 .97 - •06 .95
DS .54
$ »*:
.45 • Ik .05 .52
efinition B •s.*?*
KN .03 - .03 - •05 .97 .95
RP .63“ .15 .03^ .01 .42
BP .60 .18 .27 .11 .48
RT .00
sjsj:
.93 - .01 - .05 .87
PB .72 .05 - .06 - .20 .56
igen value 2.14-7 1.11 .99 .92
ercentage
variance 30.9 13.9 12. k H.5 ■
124- I
Pact ors Communality
NV
I ***
.46""*
II
.71
III
.09 .72
Definition A 
HS • 69** .25^ •1S. .57
DS .58
Ov
.50 .30 .67
Definition B
BP .76 ‘ .08 .12 • 60
SD .17 .85 - .07wv 4*. • 76
RT .09 .02 .91
.Sc *♦.
.83
PB .10 .61** .50 .64
TP .79 .21 - .14 .68
Eigen value 3.54 1.09 .85
Percentage
variance W +.3 13.6 10.6
Loadings significant at the 0.01 level
* Loadings significant at the 0 .05 level
Table 9.2 Insert 9B
The 12+ factor analysis yields a factor which loads on tests NV, HS,
, BF and TP, from which it appears that there is no obvious correspondence 
re between the logically defined tasks and determinants of performance. A 
cond factor loads on tests NV, HS (weakly), DS, SD and FB. Of these, test 
requires projective transformations and test FB requires isometric 
ansformations. The third factor loads on tests RT and FB, both involving 
ometric transformations and weakly on test DS.
In a later chapter attention will be given to the age group differences 
tween the analyses and the evidence about the development of the processes 
derlying visuo-spatial ability which these afford. At this stage, 
erefore, only general comments are offered.
There is no indication here of the k factor. Evidence for it would 
ve appeared in differences of factorial composition between one or both 
the Definition A and B tests on the one hand and the Culture Fair 
telligence Test (NV) on the other but such differences are not to be found.
the 8+ age group, Factor I appears to load on tests in which the logical 
e of attributes may assist towards a solution and for two of the spatial 
sts, RF and FB, as well as NV, it is the only significant loading, 
ctor II may relate to perceptual discrimination and possibly to the 
ility to hold a shape in mind. Factor IV is associated with a topological 
ansformation and probably with the use of appropriate mobile imagery.
At 12+, Factor I is the only one which has significant loadings on 
sts BF and TP and as at 8+ may be associated with the logical use of 
ttributes. If so, there are implications that operational thinking is 
portant at 12+ in the solution of test HS (although this was not the case 
8+) but that between 8+ and 12+ it ceases to be important in the solution 
test FB. Factor II, which is the only one with a significant loading on 
est SD, may be related to perceptual discrimination. Factor III which 
oads on tests RT and FB may be connected with the manipulation of percepts 
cough the use of visual imagery or otherwise.
Although Hypothesis I which would have linked logical definition and 
sychological processes receives no support at 8+ and only tenuous support 
t 12+ on the evidence available, it is clear from inspection of the factor 
alysis that differentiation on the basis of factorial composition is 
ossible within the sets of visuo-spatial tests.
At 12+ the following overlapping groups can be formed:
A. HS, DS, BF, TP. All these tests have loadings by Factor I 
which are significant at the 0.01 level.
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B. BS, S3), FB. All these tests have loadings by Factor II which
are significant at the 0.01 level.
C. RT, FB. These tests have loadings by Factor III which are 
significant at the 0.01 level.
At 8+, the following overlapping groups can be formed. To avoid 
onfusion, these are designated by lower case letters:
(a) DS, RF, BF, FB. All these tests have loadings by Factor I
which are significant at the 0.01 level.
(b) DS, RT. These tests have loadings by Factor II which are 
significant at the 0.01 level.
(c) HS
(d) KN
e loadings involved in both age groups are not only significant at the 
.01 level, using the Burt-Banks formula, they are in fact 0.45 or larger, 
or the purpose of grouping, no account has been taken of loadings at the 
.05 level - these are all 0.30 or smaller.
It should be emphasised that the groups are not mutually exclusive, 
ests DS and FB appear in two of the 12+ groups and test DS in two of the 
+ groups. These groupings have been used as part of the examination of 
ypothesis III.
e Examination of Hypothesis II
•That the visuo-spatial ability of children in the 7-15 age range can 
e improved as the result of appropriate experiences.*
This hypothesis was tested by examining, in each age group separately, 
he changes in scores which took place between the first and second test, 
etails of the changes in raw scores on the separate tests are given in 
able 9.3 (insert 90), Examination of the *Rf class scores shows that the 
ingle specific practice obtained from the first testing produces a 
ignificant improvement in scores on three tests at 8+. At 12+ there is 
significant positive practice effect on all but two of the tests; one of 
hese shows a small but significant negative effect. Differences between 
he age groups are discussed in a later chapter but it may be remarked here 
hat the differences in the practice effects between 8 years and 12 years 
e so considerable as to be unlikely to arise from adventitious experiences, 
turational change seems to be the most likely explanation.
Differences between the E and R classes were examined by means of 
alysis of co-variance using SPSS Subprogram Anova. Z scores were
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CHANGES IN RAW SCORES PROM' TEST (i) TO RETEST (II)
aximum 
core in 
rackets
3+
E Classes N = 90 
R Class N = 30
..
I II Change
12+
E Classes N = 70 
R Class N = 27
I II Change
E
N
(10) R
3.18 5 .02 1.84** 
5.16 6.23 1.07**
E
■ p
(11) R
3.50 5.86 2.36** 
6.93 7.67 0.74ns
E
P
(10) R
4 .88 5.47 0.59** 
5.33 6.27 0.94*
7.03 7.70 0.67s"" 
6 .22 6.93 0.7inS
E
SD
(8) R
5.63 6.71 1.08** 
4 .00 4.85 0.85'°
E
HS
(15) R
4.27 5.21 0.94"* 
4.70 4.87 0.17ns
7.11 8.91 1.80** 
6.00 4.81 -1.19*
E
DS
(17) R
5.18 7.98 2.80**
6 .27 10.00 3 .73**
11.26 14.04 2.78** 
9.19 13.44 4.25**
E
RT
(28) R
6.59 7.09 0 .50ns 
9.67 10.63 0.96ns
11.37 16.61 5.24** 
13.52 16.44 2.92*
E
PB
(18) R
2.87 4.22 1.35** 
3.10 3 .93 0.83ns
4.96 8.17 3.21** 
4.59 6.52 1.93**
- E
TP
(16) R
10.43 11.69 1.26** 
5.70 7.89 2.19**
* P < 0.05 
P < 0.01
ns P > 0.05
Table 9.3
Insert 9C
calculated from the raw scores and Test II results were treated as the 
dependent variables with Test I results as covariates. A summary of the 
results from the analyses of covariance are shown in Table 9*4 (insert 9*0•
If the hypothesis is taken, as originally intended, to refer to
improvement resulting from the specially prepared teaching programmes used 
in the experimental classes it must largely be rejected. In the 8+ age 
group there is no significant difference between the E classes on the one 
hand and the R class on the other in total scores or in any of the groups 
of tests which have been established logically or following the principal 
components analysis. Group (b) containing tests DS and RT is the only 
one where significance is approached. In the 12+ age group there is a 
difference between the E and R classes in respect of the Group C tests
i.e. the group comprising tests RT and FB. It has already been suggested 
that Factor III which loads on both of these tests may be associated in 
some way with the use of visual imagery. It seems, therefore, that the 
age groups are markedly different in that the performance of the 12+ group 
as a whole improves to a greater extent than that of the 8+ group both in 
response to a small amount of practice and, in the case of tests which may
require the use of visual imagery, in response to specific training.
The Examination of Hypotheses III and IV
'That special training in 
(a) visualization 
or (b) operational thinking
or (c) a combination of visualization and operational
thinking applied to the school curriculum are 
not significantly different in effecting the 
improvement of visuo-spatial ability among 
children in the 7-13 age range.'
'That Definition A type of visuo-spatial ability will show 
less improvement following appropriate experience than 
will Definition B type.*
It has already been shown, following the examination of Hypothesis I, 
that in the 8+ age group, the Definition A type tests are factorially quite 
dissimilar. In the 12+ age group the Definition A tests are distinguished 
by greater factorial complexity. Strictly speaking, therefore, there are 
no grounds for proceeding with the examination of Hypothesis IV in respect 
of the 8+ age group. However, for the sake of completeness, the effects 
of differential training have been examined with respect to Definition A
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ANALYSES OP COVARIANCE |
COMPARISON OP E AND R CLASSES
8+
Sum of Squares
DP Mean
Square
i
p [
Total Scores !
Covariate 1225.88 1 213.35 I
Main Effect 4.6 2 1 0.80 ns 1
Total 1912.;45 119 16.07
Definition A 
Tests
ij
I
!6
Covariate 98.32 1 76.56 |
Main Effect 0.01 1 0.00 ns
§
Total 248.28 119 2.09 !
Definition B
Tests
•
Covariate 608.67 1 137.33
Main Effect 0.22 1 0.50 ns |
Total 1129.28 119 9.49 |
Group. ( ? )
Tests
Covariate 576.46 1 204.93 I
Main Effect 0.74 1 0.03 ns |
Total 907.31 119 7.62
I
i
|
Group (b) 
Tests
1
Covariate 138.42 1 86.88
Main Effect 4.28 1 2.69 ns
Total 327.64 119 2.75
Group (c) 
Tests
Covariate 9.74 1 10.84
Main Effect 1.21 1 1.35 ns
Total 119.00 119 1.00
Group (d) 
Tests -
Covariate 15.44 1 17.38
Main Effect 0.76 1 0.85 ns
Total 119.00 119 1.00
Table 9.4
continued Insert 9D
:
:
12+ .DP Mean 'P
’Sum of Squares Square
4 Total Scores
;Covariate 1570.63 1 260.01
Main Effect 1.46 1 0.25 ns|
j Total
s
2123.45 96 22.119
I Definition A
1 Tests
1 Covariate 147.45 1 135.06
j Main Effect 3.24 1 2.96 ns
{ Total 251.49 96 2.62
! Definition B
1 Tests
j Covariate 811.00 1 213.723
j Main Effect 12.14 1 3.20 ns
! Total
I.
1183.98 96 12.33
|
1 Group A 
i Tests
! Covariate
j
549.20 1 204.29
i Main Effect
i
1.86 1 0.69 ns
| Total
\
802.28 96 8.36
\
I Group B 
f Tests
j Covariate 331.88 1 144.59
i Main Effect 3.44 1 1.50 ns
j Total 549.73 96 5.73
j
I Group C 
! Tests
Covariate 118.49 1 88.00
| Main Effect 7.38 1 5.48*
Total 253.39 96 2.64
Significance of main effect
*  P < 0.05
ns P > 0.05
\
Table 9.4
Insert
and B tests as well as the whole battery of visuo-spatial tests and the 
groups of tests identified by factor loadings.
Some of the problems arising from the organisation of the experiment 
to test Hypothesis III were described in Chapter 8. Although care was 
taken to find comparable classes, Table 8.6 shows that there were 
appreciable differences in average I.Q. and, in the case of the 8+ classes, 
in age as well. For this reason, it was decided to use (a) initial scores 
(i) on the visuo-spatial tests, (b) ages and (c) initial scores on the 
Culture Pair Test of *gf (Test HV) as co-variates with Test II scores as 
the dependent variables. Treatment and sex were the independent variables.
Before carrying out the grouping of scores mentioned above, raw 
scores were converted to Z-scores. The computation of the analyses 
required was performed by means of SPSS Subprogram Anova on the 
University of London computer. A summary of the results is given in 
Table 9-5 (insert 9E).
Reference to Table 9*5 shows that the analysis of covariance for 
total scores in the 8+ classes gives P = 2.95 for the teaching 
programme. This very nearly reaches the 0.05 level of significance 
(P = 0.058). The adjusted deviations from the grand mean (0.00) are 
as follows:
The results from the 12+ age group are similar. P = 3*67 which is 
significant at the 0.03 level. The adjusted deviations are as follows:
Hypothesis III can therefore be rejected. It seems that in both age groups 
the combination of visualization and operational training in the normal 
curriculum is superior to special training in visualization or operational 
training alone. It should be borne in mind, however, following the 
discussion of Hypothesis II that, in general, the effects of all forms of 
training taken together are not sufficiently strong to be differentiated 
in this study from the improvement in performance which appears to result 
from a single specific practice.
Programme
1 (Visualization)
2 (Operational Thinking)
3 (Curricular)
-  0.04 
- 0.71 
+ 0.86
1 - 1.03
2 +0.07
3 + 0.74
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ANALYSES OP COVARIANCE
COMPARISON OP TEACHING PROGRAMMES
(E CLASSES)
ut s x h m w w s s s n i.'ar in.VwW.fq»
8+
Total Scores
Sum of Squares DP MeanSquare F
Covariates 985.21 3 328.1+0 61+. 80
Programme 29.91 2 11+.95 2.95 ns
Sex 2.27 1 2.27 0.1+5 ns
Total 11+52.05 89 16.32
Definition A
Tests
Covariates 75.61+ 3 25.21 19.58
Programme 0.27 2 0.11+ 0.11 ns
Sex 0.97 1 0.97 0.75 ns
Total 186.611 89 2.10
Definition B
Tests i
Covariates 515.50 3 171.83 1+1+.25
Programme 23.1+2 2 11.71 3.01 ns
Sex 1.68 1 1.68 0.1+3 ns
Total 870.86 89 9.79
Group (a) 
Tests
Covariates ¥+3.82 3 H+7.91+ 50.93
Programme 2.11 2 1.06 0.36 ns
Sex 9.9k 1 9.91+ 3.1+2 ns
Total 703.61 89 7.91
Tests
Covariates 97.39 3 32.14-6 18.50
Programme 0.19 2 0.09 0.05 ns
Sex 2.66 1 2.66 1.52 ns
Total 21+8.61+ 89 2.79
Group (c) 
Tests
Covariates 9.52 3 3.17 3.¥+
Programme 1.36 2 0.68 0.71+ ns
Sex 0.01 1 0.01 0.01 ns
Total 89.00 89 1.00
Table 9.5 continued
Group, .(d).
Tests
Sum of Squares DP MeanSquare F
Covariates 10.54 3 3.51 3.81
Programme 1.62 2 0.81 0.88 ns
Sex 0.43 1 0.43 0.47 ns j
Total 89.00 89 1.00
1
12+ |
Total Scores i
Covariates 1024.04 3 341.35 70.84
Programme 35.36 2 17.68 3.67*
Sex 12.41 1 12.41 2.58 ns
Total 1361.26 69 19.73 j
Definition A 
Tests
|
Covariates 112.94 3 37.65 38.89 j
Programme 4.15 2 2.08 2.15 ns |
Sex 0.05 1 0.05 0.05 ns j
Total 176.84 69 i
Definition B 
Tests
|
i
Covariates 501.45 3 167.15 46.59 !j
Programme 18.99 2 9.49 2.65 nsj
Sex 12.93 1 12.93 3.60 ns]
Total 750.15 69 10.87
Group A 
Tests
Covariates 385.12 3 128.37 65.13
Programme 9.84 2 4.92 2.50 ns
Sex 0.22 1 0.22 0.11 ns
Total 519.41 69 7.53
Group B 
Tests
Covariates 230.46 3 76.82 38.31
Programme 8.16 2 4.08 2.04 ns
Sex 5.76 1 5.76 " 2.87 ns
Total 370.52 69 5.37
Table 9*5 continued
Insert 9E
Sum of Squares DP MeanSquare P
G-roup C 
Tests
Covariates 91.32 3 30.lib- 28.26 «.s.
Programme 10.20 2 5.10 4.73'“'
Sex 6.12 1 6.12 5.75'
Total 170.98 69 2.14-8
Significance of programme/sex
3$
*%*■
p < 
p *.
0.05 
0.01 ns P > 0.05
Table 9.5 Insert 9B
As fax as the groups of Definition A tests are concerned, Table 9*5 shows 
that there is no significant effect arising from differentiated training 
in the 8+ or in the 12+ classes. This finding is to be expected since 
factorial heterogenity (see Table 9*2) makes a response to specific 
training less likely. The Definition B tests in both age groups do show 
a stronger differentiated effect which is not far short of the 0.05 level 
of significance (8+ P = 0.055» 12+ P = 0.079)* As in the case of the 
total scores, the curricular programme produces the greatest improvement 
in both age groups as shown by the adjusted deviations from the grand
mean (0.00).
8+ 12+
1 - 0.13 1 - O .67
2 - O.54 2 - 0.12
3 +0.77 3 +0.62
Similar analyses of co-variance were made for the groups of tests 
established on the basis of the principal components analysis. In the 
case of the 8+ groups, the effects of the teaching programmes were all 
well below the 0.05 level of significance. In two of the 12+ groups the 
differentiation was stronger:
Group A Tests HS, DS, BP, TP.
Adjusted deviations
1. (Visualization) - O.56
2. (Operational thinking) +0.37
3* (Curricular) + 0.13
P = 2.50 P = 0.09
Group C Tests RT, PB.
Adjusted deviations
1. (Visualization) - 0.44
2. (Operational thinking) - 0.18
3* (Curricular) +0.49
P = 4.73 P = 0.01
The rejection of the null hypothesis (Hypothesis III) in both age 
groups must be accompanied by a qualification that the differential effects 
at 8+ are by no means strong. In both the 12+ and 8+ age groups the 
differentiated effects attain significance only in Definition B tests, i.e. 
those requiring transformations. The only group where there is a strong 
differential effect is Group C in the 12+ age group in which the tests are 
loaded by Pactor III already tentatively associated with the use of visual 
imagery.
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In both age groups the curricular programme shows itself to be a 
superior form of training. This finding derives some reinforcement from 
the lack of significant differences between the results of the *E* and 
,Et classes since the latter were presumably receiving some of the 
benefits of the curricular programme, albeit in an uncontrolled fashion.
The effects of the other two programmes appear to be different in the 
two age groups. In the analysis of total scores in the 8+ age group 
Programme 3 (Visualization) is superior to Programme 2 (Operational 
Thinking). In the 12+ age group the reverse is true. These findings 
also apply to the Definition B tests taken together in both age groups.
The Group A tests at 12+ are the sole exception to the general results 
in that Programme 2 appears to be superior to Programmes 3 and 1. This 
finding is not unexpected since the group was based on loadings by 
Factor I but falls some distance short of the 0.05 level of significance.
In Group C Programme 2 is again superior to Programme 1. This is a 
noteworthy finding since on the face of it both tests in the group appear 
to require visual activity of some kind. Indeed Test FB (Group C) is 
listed as a marker for a visualization factor (French, Ekstrom and Price
1963).
One possibility is that logical operations and visualization separately 
are resistant to improvement by special training in this age range; one 
process requiring reinforcement by the other.
In this connection some evidence is available from examination of 
results from the Culture Fair Test of *gf. This test requires essentially 
logical operations for the solution of series, classifications, matrix and 
topological problems. Performance on it can certainly be improved by 
appropriate experience and/or practice - as shown below.
CHANGES IN CULTURE FAIR SCORES
8+ (N = 90) 12+ (N = 70)
Max I II Change I II Change
4 6 19.81 24.02 4.21** 30.10 33.12 3.02**
** P <0-01
Table 9•6
An analysis of covariance on Z-scores derived from the Test II 
results was carried out using (a) initial scores and (b) age as
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-variates. Details are given below.
ANALYSIS
CULTURE
OP COVARIANCE 
PAIR TEST
SUM OP SQUARES DP MEAN SQUARE P
8+
Covariate 48*37 2 24.19 50.37
Programme O.36 2 0.18 V 0.37
Sex 0.40 1 0.40 0.84
Total 89.00 89 1.00
12+
Covariate 41.02 2 20.51 49.47
Programme 1.34 2 0.67 1.61
Sex 0.04 1 0.04 0.10
Total 69.OO 69 1.00
TABLE 9.7
neither age group does the difference among classes reach the 0.05 level 
though it might have been expected that improvement would have been 
preciably larger in Class 2 than'in either of the others. It appears that 
ecial training, even where it was clearly directly related to the test 
terial, brought no comparative advantage.
e Examination of Individual Tests
Table 9*8 (insert 9F) shows for the experimental (E) classes, the changes 
raw scores on individual tests and the significance levels using t-tests. 
is information can be used to cast a side light on Hypothesis III by showing 
e comparative extent of changes which appear to result from the three 
ogrammes.
There appear to be some quite marked differences in the impact of training 
etween age groups, among classes and among tests. The absence of improvement 
Tests HS and RT at 8+ and its presence at 12+ raises questions of 
evelopment which will be considered in a later chapter.
These tests aside, it seems that a training programme involving both 
e exercise of logical thinking and visualization within the normal content 
f the school curriculum will bring about improvement in the tests for which 
esults are available. Training in logical operations alone does not effect 
ignificant improvement at 8+ on one test, KN which appears to depend mainly 
a visual transformation but it does effect improvements in both age groups
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CHANGES IN RAW SCORES OP EXPERIMENTAL CLASSES PROM 
TEST (I) TO RETEST (II)
Maximum 
Score in 
brackets
Class
I
8+
1 N = 32
2 N = 31
3 N = 27
II Change
Class
I
12+
1 N = 21
2 N = 22
3 N = 27
II Change
KN 1 3.72 3.38 1*66**
(10) 2 2.87 4.45 1.58nsV. / 3 2.89
i - -
5.26 2.37**
RF 1 ! 3.66 6.22 2.56**
(11) 2 2.71 5 • 65 2. 94**
3 4.22 5 .6 7 1.45**
BP 1 i 4.97 5.09 0•12ns 7.67 7.71 0.04ns
(10) 2 5.26 4.84 -0.42ns 6.32 7.68 1.36**
3 4.33 6.63 2.30** 7.11 7.70 0.59*
SD 1 5.57 6.71 l.l4ns
(8) 2 5.23 6.27 1 .0 4v
3 6.00 7.07 1.07**
HS 1 4.31 5.38 1.07ns 6.95 8.05 l.ions
(15) 2 4.48 4.80 0.32ns 6.32 8.50 2.18**
3 3.96 5.48 1.52ns 7.89 9.93 2.04**
DS 1 4.88 8.38 3.50** 10.81 13.33 2.52**
(17) 2 5 .2 6 8 .06 2.80** 10.09 13.36 3.27**
3 5.44 7.41 1.97** 12.56 15.15 2.59**
RT 1 6.03 5.94 -0.09ns 13.10 14.62 1.52ns
(28) 2 7.13 7.61 0.48ns 13.00 17.68 4.68**
3 6.63 7.85 1.22ns 8.85 17.30 8.45**
' ....
PB 1 2.84 4.41 1.57** 4 .62 7.90 3.28**
(18) 2 3.10 4.48 1.38* 4.32 6.86 2.54**
3 2.63 3.70 1.07** 5.74 9.81 4.07**
TP 1 10.52 11.71
(16) 2 7.77 9.68 1.91**
3 12.52 13.30 0.78ns
sftjJ: P <  0.01 ns P > 0.05
& P < 0.05
Table 9.8
Insert 9P
on Test FB which is usually regarded as a marker for visualization. It 
also seems that SD (surface development) which, at first sight requires 
visualization in three dimensions is solved by some other method since 
training in visualization did not produce a significant improvement in 
performance. This is also the case with the other test involving three- 
dimensional representation - BF.
Visualization Ratings made by the 12+ Children
Reference has been made in Chapter 7 to the enquiry about the use of 
visualization which the 12+ children were asked to answer in conjunction 
with the second testing. There were five possible ratings for each test 
of which (l) describes the maximum use of visualization. The ratings 
are, of course, not based on a constructed scale and have been treated 
only as categorical information. Partly for this reason and partly 
because the enquiry was made of only one age group at only one testing, 
the information has been used mainly to throw a side light on hypotheses 
which have already come under discussion rather than as a test of 
additional ones.
Table 9«9 (insert 9&) shows the frequencies of visualization 
ratings for each of the experimental classes and overall. The frequencies 
obtained from the 12+ ,Rt class are also included for comparison. It will 
be noted that for this purpose the list of tests includes three - KN, RF 
and SS which have been excluded from the analysis based on scores on the 
grounds of unreliability. In this instance, how&rer, they are being 
treated as experiences.
The accumulated ratings given by the children vary considerably 
from test to test and can be used to provide a rough rank order of the 
extent to which the children thought that they made use of visualization 
in solving the problems. Ratings 1 and 2 imply that visualization was 
thought to have been used more than any other kind of thinking while 
ratings 3 and 4 imply that it was thought to have been less important 
than other forms of thought. The rank order based on the frequency of 
occurrence of these ratings is as follows:
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RANK ORDER OP TESTS BY VISUALIZATION RATINGS
Test
Number of 
1 and 2 
ratings
Number of 
4 and 5 
ratings
Definition
BP 63 1 B
RP 61 3 B
KN 57 5 B
RT 54 7 B
(.SS 52 9 B
I TP 52 12 B
( SD 50 6 B
PB ■ 4 6 9 B
HS 42 17 A
DS 33 24 A
Table 9*10
Although there is room for doubt about the relative ranking of tests 
SS, TP and S3) the order is clear and offers some indication that tests HS 
and DS which fulfil Definition A of spatial ability i.e. examination of 
sense data rather than transformation, do call for a different mixture of 
psychological processes than the Definition B tests which head the list. 
But the general impression is of a continuum in which the elements 
required for the solution of spatial problems are present in each test 
but in varying proportions. This is the impression which has already 
been derived from the principal components analysis and the experimental 
findings.
The distribution of ratings in the various groupings of tests have 
also been examined as shown in Table 9«H below. Groups A, B and C are 
those established on the basis of the principal components analysis.
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DISTRIBUTION OP RATINGS BY
TEST GROUPINGS
Rating
(1) (2) (3) (4) (5)
Definition A 46 29 24 13 28
Definition B 
(list as in 
Table 9.10)
293 142 73 23 27
Definition B 
(list excluding 
KN, RF, SS)
168 97 50 15 20
Group A
(HS, DS, BP, TP) 118 72 36 18 36
Group B 
(DS, SD, FB) 79 50 42 11 28
Group C 
(RT, FB) 68 32 24 8 8
Table 9*11
Using Chi-squared there are highly significant differences (beyond 
the 0.00 1 level) between the Definition A group and Definition B groups 
(Pull list Chi-squared = 48»9> reduced list Chi-squared = 32.7). This 
suggests at least that the logical distinction between them is paralleled 
by a perceptual impression. However, the differences among the factor 
based groups do not reach the 0.05 level of significance.
Visualization and the Teaching Programmes
The visualization ratings were collected as part of the second test 
procedure. They can therefore be examined for differences in ratings 
among the experimental groups and between the respective experimental 
group and the ,R t group, which did not receive teaching designed to 
improve spatial ability.
The results of testing by means of Chi-squared for significant 
differences in the frequencies (Table 9*9) among all four classes, 
using the full list of tests is as follows:
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TESTS OP SIGNIFICANCE IN DIFFERENCES BETWEEN CLASSES
: 1 : 2 : 3 r R :
% O
Ch u 
4df
1
2 49.93
3 43.87 
R 15.99
.001
4.31
18.63
.001
nS
11.85 "
.01
.001
.02
Significance level 
of difference
Ratings 1 and 2 52% 
as % of total
82% 78% 67%
Table 9*12
The differences lie between the *R' group and all the experimental 
groups on the one hand and between group 1 (which received the special 
visualization programme) and the two other experimental groups on the 
other. It should be recalled at this point that these are differences, 
not of performance but, in the first instance at least, of opinion.
However they are quite in line with the results of the analysis of 
co-variance considered earlier in this chapter - that is, the children in 
Class 1 who presumably had most experience of visualization both though it 
helped less than other kinds of thinking and proved it by the smaller 
improvement which they made in comparison with Classes 2 and 3*
The children in these latter classes who presumably understood the 
limitations of visualization less well because they were practised in 
other forms of thought either entirely or in conjunction with visualization 
rated the latter mode more highly. The lower ratings from children in the 
fR' group may well reflect a lower level of sophistication in approaches to 
spatial tests or possibly a higher degree of misunderstanding about the 
meaning of 'visualization.
Visualization and Test Scores
If the ratings are considered in relation to individuals rather than 
to tests it is possible to use them as a measure of the use of visualization. 
The first sentence in the list reads lfI found the answers entirely by 
visualizing i.e. *seeing* the shapes etc. being moved around or altered." 
Children who selected this response as a description of the way in which 
they answered 6 or more of the tests were identified as high visualizers* 
Their distribution in the experimental classes is as follows:
Class 1 6/21
2 13/22
3 11/27
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For the purpose of further study the classes cannot be combined 
because, as already shown, differences in the distribution of the 
visualization ratings arise from treatment.
Table 9.13 below shows the frequency of above and below average 
scores obtained by high and low visualizers on the reduced list of 
tests with significance levels obtained by Chi-squared. Although the 
information is in dichotomized form, both variables can be regarded as 
normally distributed.
FREQUENCY OF ABOVE AM) BELOW AVERAGE SCORES 
OBTAINED BY HIGH AND LOW VISUALIZERS 
(12+ only)
All Tests Class 1 Class 2 Class 3
(reduced list) Above/Below Above/Below Above/Belov;
High Visualizers 27/15 52/39 51/26
Low Visualizers 58/47 25/38 53/59
Definition A
nS P <.05 P <-02
High Visualizers 8/4 13/13 15/7
Low Visualizers 13/17 9/9 13/19
Definition B 
(reduced list)
nS nS nS
High Visualizers 19/H 39/26 35/20
Low Visualizers 44/31 17/28 39/41
Group A
nS P <.03 nS
High Visualizers 15/9 30/22 30/14
Low Visualizers 31/29 14/22 28/36
Group B
nS nS P <.05
High Visualizers 13/5 20/19 19/14
Low Visualizers 26/19 12/15 24/18
Group C
nS nS nS
High Visualizers 6/6 13/13 14/8
Low Visualizers 17/13 9/9 13/19
nS nS nS
Table 9.13
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An estimate of the tetrachoric correlation by the cos-pi method (see 
Guilford 1956 p.326) has been made, therefore, in those cases where 
the chi-squared test shows that the correlation differs significantly 
from zero:
Visualization and Score Frequencies:
Class 2 (operational thinking programme)
All tests (reduced list) 
Definition B tests
0.27
0.34
Class 3 (curricular programme)
All tests (reduced list) 
Group A tests
0.30
0.38
These results are of considerable interest in view of the evidence 
available from the analysis of co-variance that training in visualization 
is comparatively ineffective in producing an improvement in spatial ability. 
Indeed, as indicated above, there is no evidence of correlation between 
visualization and test scores within the visualization class. Why Cc£© %fiey 
occur within the other classes? One possible explanation is that no practice 
in the use of visualization (as in Class 2) restricts its use to those tests 
where it is essential to the solution e.g. tests requiring the discrimination 
of details. Rather more practice (as in Class 3) extends the use of 
visualization in conjunction with other kinds of thinking to tests where it 
assists the solution but is not essential to it. Further training (as in 
Class l) without the help of other kinds of thinking, reduces individual 
differences in visualization, makes children aware of its limitations and 
does not improve spatial ability. This explanation implies that the amount 
of practice required to obtain the maximum benefit from visualization must 
be quite small - a matter of two or three hours only on a wide range of 
material.
The Examination of Hypothesis V
!That differences between the sexes in performance on visuo-spatial 
tests will diminish as a result of appropriate experience1.
Many investigations of spatial ability including one by the present 
writer (Heamon 1966) have shown a marked difference in favour of boys in 
spatial test scores. However, nearly all these tests were administered 
once only and the results were therefore open to strong cultural influences 
by which, for example, small boys but not their sisters are encouraged to 
play with model railways and constructional toys which provide experience 
appropriate to the development of spatial ability.
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The mean raw scores on each test (i) for boys and girls in all 
these classes are shown in Table 9«14 (insert 9H). As will be readily 
apparent there are no significant differences between the scores of boys 
and girls in the 8+ group on any individual test. In the 12+ group the 
mean scores for boys differ significantly from those for girls only on the 
initial test (i) of RT (at the 0.02 level). Possible sex differences 
arising from the teaching programmes were investigated as part of the 
analyses of co-variance and the results are summarised in Table 9*5 
(insert 9®). At 8+ Group (a) is the only one in which F approaches the 
0.05 level of significance.
Adjusted Deviations 
Boys +0.35
Girls - O.34
F = 3.42 P = 0.07
This group of tests containing DS, RF, BF and DF has been tentatively 
associated with logical reasoning. At 12+, a quite different result is 
found. The only significant sex difference occurs in Group C
Adjusted Deviations 
Boys +0.31
Girls - 0.30
F = 5.76 P = 0.02
Group C contains Test RT on which the only significant sex difference was 
found at Test I (see Table 9#14)« As the use of initial scores as 
covariates has minimised the initial difference between the sexes, it 
appears that the effect results from the training process. Unlike the 
result at 8+, the tests in this group are loaded by a factor which may 
be associated with the use of visual imagery.
This finding has prompted a comparison of the visualization ratings 
given by 12+ boys and girls.
DISTRIBUTION OF VISUALIZATION RATINGS
12+ (1) (2) (3) (4) (5) Total
Boys 165 72 55 23 25 340
Girls 174 99 42 15 30 36O
Table 9-15
A Chi-squared test showed that the significance of the difference 
does not approach the 0.05 level.
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COMPARISON OP MEAN RAW SCORES OBTAINED BY 
BOYS AND GIRLS ON TEST (i)
Maximum 
Score in
N=90 (Boys i+A, Girls U6)
Difference
brackets Boys Girls b-g
KN (10) 3.61 2.76 0.85as
HP (11) 3.25 3.74 -0.49ns
HP (lO) 4.84 4.91 -0.07ns
HS (15) 4.32 4.22 0.10ne
DS (17) 5.64 4.74 0.90ns
ET (28) 6.93 6.26 0.67ns
PB'. (l8) 3.05 2.69 0.36ns
Culture
Pair (46) 19.84 19.78 0.06ns
Maximum 
Score in 
brackets
12+
N=70 (Boys 3k, Girls 36)
Boys Girls
Difference
B-G
BP (10) 
SD (8 )
HS (15) 
DS ( 17) 
ET (28) 
[ PB (18)
tp  ( 16)
7.11
6 .21
7 .21
10.82
13.50
4.71
9.88
6 .9 4
5 .08
7 .03
11.67
9.36
5.19
10.94
0 .17
1.13ns
0.18ns
-0 .8 5
4.14J
-0 .4 S ns
-0 .0 6 ns
| Culture 
1 Pair (24-6) 30.32 29.89 o.43ns
* P
ns P
0.05
0.05
TABLE 9.14
Insert 9H
The distribution of high and low visualization by sex is as follows:
NUMBER OP LOW AND HIGH VISUALIZERS
12+ Low High Total
Boys 22 12 34
Girls 18 18 36
Table 9*16
Again, the significance of the difference does not approach the 0.05 level.
If the children are estimating correctly it appears that the sex 
difference on the Group G tests is due to some process other than visual 
imagery. This view accords with the low visualization rating given to 
both tests IB and RT by the children (see Table 9*10) and with the 
superiority of the curricular programme over the specially designed 
visualization programme particularly in the same Group C tests. A possible 
re-interpretation is that the critical element in Group C is the quality of 
interaction between the logical and imaginal processing of spatial data 
rather than the exercise of either process separately.
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C H A P T E R  10
CRITERION REFERENCED MEASUREMENT
This chapter and the one which follows are concerned with the 
examination of the six hypotheses related to the development of visuo- 
spatial ability in middle childhood which are stated in Chapter 7.
Some General Considerations
There is no standard design for the study of development. A
characteristic can be said to be developmental if it is related to age but
in practice the response of an individual on which measurements of the 
characteristic are based is a function, not only of age but of the cohort 
to which the individual belongs. The latter may show considerable differ­
ences, culturally and perhaps genetically, from younger or older cohorts 
with which it is being compared. It cannot be assumed, therefore in a cross-
sectional study that the younger of two groups four years apart in age (as
in this study) will show the same characteristics four years later as the 
older group does at present. This problem is well demonstrated by Schaie 
and Strother (1968) in an article which compared the performances on space 
tests shown in longitudinal studies of older people with those derived from 
cross-sectional studies. In the latter case there appeared to be a sharp 
decline from the age of 30 whereas the longitudinal studies indicated that 
performance levels are maintained until about the age of 55. Schaie and 
Strother concluded tentatively that later born cohorts have higher spatial 
ability than earlier ones, but only longitudinal studies can put this to 
the test.
Developmental changes become confounded with changing environmental 
variables unless the period under investigation is short. Consequently it 
is not possible, even in a longitudinal study, to provide a rigorous test 
of developmental hypotheses. For the purpose of this study only cross- 
sectional data is available and further reservations about its use in 
relation to hypotheses about development must be expressed.
Three major sources of variation exist which are either incontrollable 
or only partly controllable. The first of these includes differences, both 
qualitative and quantitative, in the factors arising from the current social^
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occupational and educational 'backgrounds of children attending different 
schools. These differences are likely to he of particular importance in 
the development of abilities for which explicit provision is not usually 
made in school curricula. As explained in the section * School Organisation* 
in Chapter 8, some care was taken in matching the primary and secondary 
schools for experimental purposes and Table 8.1 suggests that this was 
fairly well achieved in terms of one measurable quantity - I.Q. The 
difference in performance, however, which may arise from this source has 
already been considered in Chapter 9 and is illustrated below by a 
comparison of raw scores between the R and E (experimental) classes.
RAW SCORES ON SELECTED SPATIAL 
TESTS AT TEST (i)
8+ 12+
BE
HS
DS
RT
EB
Mean SD Mean SD
E Classes 4.88 1.73 7.03 2.26
R Classes 5-33 1.87 6.19 2.00
E Classes 4.27 1.54 7.11 2.84
R Classes 4-70 2.09 6.00 2.09
E Classes 5.18 2.94 11.26 3.64
R Classes 6.27 3.44 9.19 4-32
E Classes 6.59 5.07 11.37 8.28
R Classes 9.67 6.18 13.48 7.00
E Classes 2.87 2.39 4*96 3.14
R Classes 3.10 1.99 4-59 3.26
Table 10.1
The second major source of variation is the difference in the cultural 
and educational experience of two groups separated by a four year lapse of 
time. In the particular case no major social changes have been observed 
over that period which might have caused the experiences of the older group 
to be markedly different in the two years before they attained the age of 
8 from those of the younger group. But there is no way of knowing which of 
the experiences they have had since the age of 8 has been significant for 
their visuo-spatial ability and unique. It must be recognised that there 
have been considerable, if slow changes in school curricula and teaching 
methods over the period.
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A third source of variation is inherent in the test material itself.
The tests were designed and modified to provide for a wide range of 
performance but it cannot be claimed that the battery is equally sensitive 
at all levels of performance. For example, there is no way of determining 
from the information available whether a difference in standard deviation 
(see Table 10.l) between results for two age groups arises from the 
construction of the tests or from a difference between the groups. For 
this reason a decision was taken at the time of test construction to make 
individual performance of the material capable of being measured against 
independent criteria. The remainder of this chapter is devoted to a 
description of the procedure which was employed in establishing criteria 
and the application of the results obtained to Hypothesis III.
Criterion Referenced Measurement
An important article by Ward (1970) summarised many of the uses of 
measurement related to tasks representative of an explicit criterion.
The issue in such cases is not the extent to which individuals vary within 
the group but whether or not a given individual can satisfy the criterion.
In a few instances a criterion may be derived from a ratio scale e.g. of 
temperature, in others it can be expressed only in categorical terms e.g. 
concrete operations. A highly successful use of the technique in a 
developmental context was the study by Pascual-Leone (1970) who used it 
to test an information processing model of cognitive development.
There are no ready made independent criteria for visuo-spatial 
performance. The 1ogic o-operational criteria which several investigators 
e.g. Peel (1958), Ward (1972) have developed from the work of Piaget depend 
on verbal responses. With regard to visuo-spatial performance there is 
insufficient evidence to establish one or more dimensions of cognitive 
activity and, indeed, it is part of the purpose of this thesis to establish 
what such dimensions might be. In these circumstances the most promising 
starting point would seem to be the examination of those aspects of the 
stimuli in various tests which appear to be effective determinants of 
performance.
So far as is known, visuo-spatial tests have not previously been 
considered as a basis for establishing criteria. Some of those from which 
elements have been borrowed for use in this battery - KN, SD, BF - are too 
complex to be used for the purpose. For this reason two of the purpose made 
tests - Drawing Shapes and Similar Shapes - were designed to have features 
which can be tightly controlled. Two other tests - Hidden Shapes and 
Rotations - lend themselves to a lesser degree of criterion analysis.
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The procedure used for the establishment of criteria for each of these 
tests is described below. In each case initial reference was made to 
results from the principal components analysis to obtain some indication 
of the main determinants of variance in the stimulus.
Drawing Shapes (DS) There are 17 items in this test which has significant 
loadings at 8+ by Factor I (0.54) and Factor II (0.45) • These have been 
associated tentatively with the logical use of attributes and perceptual 
discrimination respectively. At 12+ it is loaded by all three factors 
(I, 0.58, II, 0.50, III, 0.30). Each item presents a distribution of 
noughts and crosses varying in number from 7 to 25 (sometimes more than 
one type of cross is used). The subject is required to draw a shape which 
includes one set of stimuli and excludes the rest. Success must depend 
initially on the ability to translate the logic of the instructions into 
perceptual terms and to direct activity accordingly but in the age range 
which has been the subject of this thesis variation in performance seems to 
be determined largely by a combination of the total number of stimuli with 
the complexity of the figure to be drawn. The latter can be measured 
roughly by the number of straight lines needed to connect the stimuli to 
be included in the drawn shape A. See Fig. 10.1 (insert 10A).
In order to ensure that criteria were established independently of 
the subjects under investigation, facility values for all the tests under 
consideration were established from an analysis of scores in the ,R* 
classes. Since a large practice effect was known to exist it was decided 
to use the re-test results. Details are given in Appendix IV.
The facility values for individual items in Test DS range from 100% - 
13% at 8+and 100% - 52% at 12+ based on an analysis of scores in the 
'R1 classes at the second testing. Rank order correlations were carried 
out between order of difficulty as measured by the facility values with 
the order obtained by adding the total number of stimuli to the connectors 
in each item. The results were:
8+ rho = 0.91
12+ rho = 0.81
These are high correlations and are not readily susceptible to improve­
ment by increasing the complexity of the criteria. In applying the scale 
of difficulty to the experimental groups the following categories of 
success have been made:
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Insert 10A
A Failed to solve two items with 19 stimuli and connectors 
B Solved two items with 19 stimuli and connectors
C Solved two items with 24 stimuli and connectors
D Solved two items with 29 and 30 stimuli and connectors
E Solved two items with 31 and 32 stimuli and connectors
As mentioned above Factor I has already been associated in both age 
groups with examination of data combined with the logical use of attributes. 
The detailed study of Test DS supports this view so far as it is concerned 
with the capacity to handle quantities of visually presented information.
If it is assumed that Miller’s generalisation (1956) of short term memory 
capacity as 7 _ 2 ’chunks* is broadly correct only the simplest items on 
the test can receive attention as a whole. Therefore, ability must vary 
either with rapidity of scanning or some method of coding. The second 
possibility seems unlikely in view of the unfamiliarity of the material 
and the meaningless shapes which are created. It is of some interest to 
note that both the 8+ and 12+ children achieve a very high success rate 
on those items in which the shape required to be drawn contains fewer than 
7 stimuli. Thereafter the difference between the age group widens:
Number of stimuli contained Facility values
_____ in the_shape________ 8+_________12+
5 100% 96%
5 100% 100%
6 90% 92%
5 97% 89%
5 95% 100%
10 70% 81%
10 50% 70%
12 67% 78%
Hidden Shapes (HS) There are 15 items on this version of the Gottschaldt 
Figures Test which has significant loadings at 12+ by Factor I (0.69) and 
Factor II (0.25). At 8+ it is loaded uniquely by Factor III (0.97)•
Subjects undertaking the test are required to select one of five simple 
polygons which is embedded in a larger and more complex pattern of lines.
Thus, as in Test DS, the ability to succeed appears to depend on a capacity 
to handle information although in this case a larger proportion of the 
stimulus is presented in non-symbolic form.
Facility values measured from the second test results for the *R* 
classes range from 97% to 3% £ot 8+ children and 100% to 19% for 12+ children.
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Because this is a recognition test, values below 20% must be considered to 
result from chance and the items concerned have been omitted in the 
calculation of the correlation coefficients. The problem in Test HS is to 
establish those elements in the items which are responsible for the variance. 
As mentioned in Chapter 4 numerous investigations and particularly those 
conducted by Attneave (1955> 1957)> Amoult (i960), Michels and Zusne (1965) 
have so far failed to find a method of quantifying the information in visual 
forms. At present, information theory is restricted to counting the comers 
of polygons; it cannot deal with the organisation of the shape e.g. angular 
relationships. Thus, there is no measure of the basic information required 
to undertake Test HS - i.e. the 5 given polygons. The progressive difficulty 
of the test items is assumed to be due, inter alia, to the total number of 
lines in each item, the number of lines which continue the sides of the 
embedded polygon and the number of lines which cross the area enclosed by 
the embedded polygon (See Fig. 10.2). (insert 10B). The addition of these 
quantities gives an index of test difficulty ranging from 10 to 26 on which 
8+ children score above chance up to about 17• Rank order coefficients of 
correlation between facility values and the index of test difficulty 
calculated on items above are 8+ rho =0.93
12+ rho =0.73
These must be regarded as very satisfactory in view of the complexity of 
the stimuli. Attneave (1957) showed that, with simple asymmetrical line 
figures, 79% (r = 0.88) of the variance in responses can be accounted for 
by the number of vertices whilst Amoult (i960) who used a large number of 
additional measures including meaningfulness, size and familiarity as well 
as complexity managed to account for only 85% (r = O.92).
The following categories have been adopted for Test HS.
A Failed to solve two items with lO/ll elements 
B Solved two items with lO/ll elements
C Solved two items with 12/15 elements
D Solved two items with 16/18 elements
E Solved two items with 20/23 elements
F Solved two items with 26 elements 
To judge from the facility values the D/E point on this scale is very 
roughly equivalent to the D/E point on the DS scale.
From what has been written above it might be expected that the factorial 
composition of Test HS and Test DS would be similar since the critical 
element determining performance appears to be the amount of information 
presented coupled. This is indeed the case at 12+ but at 8+, a quite
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Insert 10B
different factor emerges, suggesting that information from which a 
selection has to be made presents for younger children an altogether 
different problem from one in which all the information presented is 
used. The task may have some characteristics in common with the use 
of negative numbers and statements.
Similar Shanes (SS) There are 15 items in this test and in each 
subjects are asked to select the one shape from five which is the same 
as a given standard. Results from this test in the R group showed that 
its score reliability was unacceptably low. In consequence it was not 
used in the main analyses carried out in connection with Hypothesis I 
to V. However, criterion analysis raises considerations distinct from 
the number of items to which the correct answers have been given. Here 
it is assumed that the main criterion for success is the ability to 
distinguish angular differences among the options. The total angular 
difference between the correct answer and the next best option stated 
as a percentage of the total of the variable angles in the correct 
answer has been taken as the index of difficulty. Hie range of 
difficulty varies from 25*6% (easy) to 1.1% (difficult). See Pig. 10.5 
(insert 10C). Facility values are as follows:
8+ 10% - 80%
12+ 0 - 85%
Values below 20% are ignored in calculating the correlation 
coefficients in order to discount guesses.
Angular discrimination is not the only factor involved in item 
difficulty on this test. Some of the test items are not closed figures 
and it is not possible to determine from the results whether this 
influences performance favourably, unfavourably or not at all. Polygonal 
items are nearly all 3 ox 4 sided and it is known (Michels and Zusne, 
1965) that it is harder to discriminate among triangles than among 
quadrilaterals. Some of the shapes are rotated up to 90° and this 
almost certainly has some adverse effect on the scores of 8+ children 
although probably not a large one (see the discussion on Test RT which 
follows). More important than either of these effects is that of visual 
fatigue; this is a demanding test and it is notable that items towards 
the end which are easier than those at the beginning are less well done 
by the younger children.
All these factors help to account for the rather low correlation 
between the facility and difficulty indices for the 8+ children.
- 154 -
Si
mi
la
r 
S
h
a
p
e
s
<uc
•H
j
ra 
C 
•H T3
•H
Q
(L>U ^  
•H LO
P
V) CTlO
c
• H  T J
CM
(U
c
•H
j -
<D ^  
■H £-4 co
S-l *H •
U P CO
W CTrH 
-H <D
Q  S»i II
Insert IOC
Fi
g.
 
10
.
8+ rho = 0.61
12+ rho = 0.82
The following categories have been adopted for this test.
A Fails to discriminate on three items among angles with up to 23.6% variation
23.6/22.2/20.6/19.3
B Discriminates on three items with up to 23.6% variation 
Passes three items at 15.7/14.0/13.5/13.3/11.7-
C Discriminates on three items with up to 15.7% variation 
Passes three items at 7.8/5*5/5*3
D Discriminates on three items with up to 7*8% variation 
Passes three items at 2.8/1.6/1.1
E Discriminates on three items with up to 2.8% variation
Turning Shapes Round (BT) In this test subjects are asked to mark items 
which are rotations of the original. There are 49 items, of which 28 are 
rotations. Hie children were warned that wrong answers would be subtracted 
but there is evidence of guessing particularly in the 8+ classes. In the 
norm based marking wrong answers were indeed subtracted but it is not 
possible to make such an allowance in calculating facility values and they 
are almost certainly somewhat exaggerated. Using only the first 17 of the 
28 correct items the range is 80% - 43% at 8+ and 96% - 59% at 12+.
However these were used only for internal comparisons since it proved 
impossible to construct a numerical scale of difficulty. The shapes used 
are mostly simple asymmetrical polygons with 4 or 5 vertices. One is an 
8 sided symmetrical figure and although, in terms of information theory, 
this can be defined by the same number of ‘bits* as a 4 sided figure there 
is evidence that it gives rise to a harder task than a 4 or 5 sided figure. 
Otherwise differences arising from the figures are not evident in the 
facility values.
At 8+, the only significant loading of Test RT is by Factor II (0.93) 
which may be associated with perceptual discrimination and which also 
loads on Test DS. At 12+ Test RT is loaded only by Factor 111(0.9^ -) which 
also loads on Test FB and to a lesser extent on Test DS. There seems 
little doubt that this factor is associated with the ability to manipulate 
percepts in some way.
Close study of the rotations required for Test RT in conjunction with 
comparisons of the facility values does not show a simple relationship 
between the amount of rotation and difficulty. It is clear, firstly, that 
the easiest operation is to pick out a shape rotated through 90° clockwise 
and 180°. These rotations are designated Categoxy A. Secondly there is a
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group - Category B which includes all rotations up to 45° anti-clockwise 
on one side of the standard and up to 180° clockwise on the other 
(excluding 90°). Thirdly and most difficult are the remaining rotations 
between 45° anti-clockwise and 180°. These are designated Category C.
These findings are at variance with those of Shephard and Metzlar (1971) 
to which reference has already been made in Chapter 4» Their investigation 
in which adult subjects were employed showed a more or less progressive 
difficulty according to the amount of rotation. However, if one accepts 
the possibility that logical as well as imaginal processes may be used 
in the solution of rotational problems, an explanation of the greater ease 
of the 90° and 180° cases may lie in the recognition of displaced or 
inverted attributes rather than in mobile imagery. The latter may be 
called into use by adults only when the logical process encounters 
difficulty and may not be available at all to younger children. This 
supposition is in line with evidence presented in Chapter 9 which shows 
that performance by 12 year olds on Tests RT and PB is most improved by 
training which involves both operational activity and visualization 
instead of visualization alone. In Addition there is evidence from the 
12+ children themselves which does not distinguish Tests RT and FB from 
the rest in terms of the assistance afforded by visualizing in arriving 
at a solution (see Tables 9«10 and 9»H)»
As explained already, Test RT is of the true-false type and it is 
necessary in criterion-referenced making to take precautions as far as 
possible against guessing. Despite warning there is evidence, e.g. 
every item marked as a rotation, that a number of children, especially 
in the 8+ group did guess. Most of these were probably unable to do 
much of the test. Unfortunately when only a few guesses occur they 
cannot be distinguished in marking from genuine errors of judgement and 
a rule of thumb method has. to be adopted. In the case of Test RT no 
attempt has been made to categorise performances where the number of 
items incorrectly marked is larger than 50% of those correctly marked.
Only a few 12+ subjects have been eliminated in this way but rather more
of the 8+ group. As this procedure must remove most of the guesses it
was considered that three correct answers would be enough to establish
the criterion level among the remainder.
The Application of Criteria to Hypothesis III
As explained earlier in this chapter the principal advantage of 
criterion referenced scoring for this study is in the making of develop­
mental comparisons and these will be the basis for much of the next
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chapter. However, the scores can also he examined for additional evidence 
related to Hypothesis III which was examined in Chapter 9* For this
purpose the percentages of children reaching defined criteria are arranged
in Table 10.2 (insert 10D) together with the comparable mean scores. One
general effect of using criteria is to bring out very marked initial
differences among the classes - particularly at the 12+ level. This is an 
unexpected finding since the influence of a single teacher is less dominant 
in secondary classes than in primary classes. The usual tests of 
significance cannot be applied to criterion data since no parameter can be 
assumed but it will be noted that among the 12+ classes the largest 
improvements on both the Hidden Shapes and Drawing Shapes tests were in 
Class 2. This finding is in line with the change scores in Table 9*8 
which show the treatment in Class 2 (operational thinking) as being most 
effective. In the 8+ classes the same finding is true for Test DS.
Judging by criterion levels it seems clear that in both age groups, 
visualization training is notably less effective in producing an 
improvement on Test HS; in Class 1 at both 8+ and 12+ there is no real 
improvement in attainment at all, the increase in score being attributable 
to success on a larger number of items at the same level. This finding 
suggests that the ability to select details is of more help than the use 
of shape imagery on this test. To judge from the results in Classes 2 and 
3 it also seems that the ability to select details is capable of 
substantial improvement through training.
It is difficult to determine why the performance of the classes on 
Test DS is different from that on Test HS. In all three 12+ classes there 
are large improvements in attainment on test DS but no very clear picture 
emerges. At 8+ the improvement is much smaller in Classes 2 and 3 and
the greatest improvement oecurs in Class 1. It seems possible that
although both HS and DS require the use of visual information, HS mainly 
involves an abstraction process whilst DS entails the use of all the 
information presented and is much more a measure of capacity. If so, 
this capacity in younger children can evidently be improved most through 
visualization training.
In examination of the results of Test SS a different pattern of 
behaviour emerges. It is apparent from inspection of the test papers
that the difference between the 8+ and 12+ classes is one of number of
items answered correctly rather than attainment. The results given in 
Table 10.2 relate to the ability to discriminate angles varying as much 
as 15*7%, If the more stringent criterion of 7*8% discrimination is
ouuitCiD J?un tjcjOX j jsu\ix» jxcjxjgjox \^x±;
12+
% Achieving Criterion Mean Scores
I. II I II
Class
1 54 50 6.95 8.05
2 27 81 6.32 8.50
3 67 92 7.89 9.93
Class
1 36 68 10.81 13.33
2 27 68 10.09 13.36
3 48 88 12.56 15.15
Class
1 72 86
2 81 86
3 92 88
Class
1 27 40 13.10 14.62
2 40 63 13.00 18.00
3
'f
22 67 8.70 17.30
Insert 10D
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8+
% Achieving,Criterion Mean Scores
I II I 11
Criterion
Hidden Shapes (HS)
Achieving 16/18 level 
of test difficulty.
Class
1 19
2 16 
3 7
22 4.31 
35 4.48 
59 3.96
5-38 
4.80 
5-48
Criterion:
Drawing Shapes (DS)
Solving problem with 24 
stimuli and connectors
Class
1 6 
2 0 
3 0
34 4.88 
16 5.26 
7 5.44
8.38
8.06
7.41
Criterion:
Similar Shapes (SS)
Discriminates an angular 
difference of not more than 15*7%
Class
1 81
2 42
3 51
90
96
85
Criterion:
Turning Shapes Round (RT)
Rotates shapes through 
any angle.
Class
1 3
2 25
3 22
6 6.O3 
22 7.13 
11 6.63
5.94
7.61
7.85
TABLE 10.2
used, the figures are -
8+ 12+
I
%
II '
% ‘
I
%
II
%
Class 1 15
/ v
25
/ w 
4-
/v
28
2 0 26 23 18
3 0 29 4 37
It looks as though the effects of differentiated training on attainment 
as distinct from the number of correct responses on Test SS are no more than 
marginal and that no more than a repetition of the test would be sufficient 
to produce the maximum attainment which for nearly all children in the 
8+ - 12+ age range lies between 15*7% and 3*3% discrimination. Three 12+ 
children attain a level between 2.8% and 1.1% discrimination. These —  
results illustrate very well the hazards to investigation in the field of 
spatial ability arising from individual differences in previous experience. 
Results obtained from a single test are likely to be dominated by such 
adventitious differences•
Last to be considered is Test RT. About half of the 8+ criterion 
results were unclassifiable because of doubts over the extent to which 
guessing took place. It is fairly certain, however, that almost all of 
these children would not have reached the criterion level and the percent­
ages shown probably give a fair picture. In the case of the 8+ children it 
appears that training had little or no effect and that only about a fifth 
could carry out a rotation from any angle. Following the discussion at 
the end of the last section it might reasonably be inferred that children 
of 8, in general, do not carry out rotations of shapes using visual imagery 
but rely on noticing details. In a test such as RT in which all the shapes 
are either rotations or reflections this method is an uncertain one - even 
more so when symmetrical shapes are used.
At 12+ however, the situation is very different and whilst only about 
two-thirds of the children attain the criterion standard it seems that 
practice and training are effective in producing an improvement. Comparison 
of the criterion percentages confirm the results of the analysis of 
co-variance for Group C (which includes tests RT and FB) that the mixed 
treatment is the most effective. That this is so must raise doubts as to 
whether, even at 12+, the test is performed by visualization alone for much 
of the training given in Class 1 involved, precisely, rotating shapes, 
whereas this appears to be the least effective. It seems possible that a 
combination of the use of static detail and mobile visualization may be 
employed by 12+ children.
- 158 -
C H A P  T E R  11
EXAMINATION OP HYPOTHESES - II:
DEVELOPMENT
This chapter examines the hypotheses related to development i.e. 
numbered VI to XI in Chapter 7* Attention was drawn at the beginning of 
the previous chapter to the presence in studies of development of variables 
arising from changes in the environment which cannot be controlled. 
Consequently it is not claimed that these hypotheses can be subjected to 
tests of the same rigour as those considered in Chapter 9* intention
here is simply to examine the evidence available without arriving at a 
decision to accept or reject.
Examination of Hypothesis VI
*That a factor (or factors) related specifically to performance on 
the battery of visuo-spatial tests is more strongly differentiated 
at the age of 12+ than at the age of 8+.1
Varimax factor loadings derived from principal components analyses of 
Z-scores were shown for Test (i) in Table 9*2. No single factor emerged 
which relates specifically to performance on the visuo-spatial tests but not 
to performance on the Culture Pair Test of fgf (listed as NU in Table 9*2). 
The latter test is non-verbal but mainly depends on the use of logical 
attributes. Other factors which have been extracted and which do not load 
on the Culture Pair Test are related, at most, to half of the visuo-spatial 
tests. Development of visuo-spatial ability between the ages of 8+ and 12+ 
should be considered therefore, not in terms of a single distinctive factor 
but in relation to changes in factor pattern. In examining this aspect, it 
is useful to consider the results of principal components analyses for each 
age group both before and after training. This information is set out in 
Table 11.1 (insert 11A). The correlations matrices from which factors 
were derived are given in Appendix III.
Reservations have to be made about comparison between age groups because, 
apart from the matter of factor interpretation, four factors were extracted 
for the 8+ age group and three for the 12+ age group. In addition there 
are differences in the list of tests included. Additional information has 
been provided therefore in Table 11.2 (insert 11B) in the form of abridged 
correlation matrices for each age group calculated from Z-scores based on 
the full list of tests i.e. including those excluded from the experimental
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COMPARISON OP FACTOR LOADINGS 
AT TESTS I AND II
8±
Factor I Factor II Factor III Factor IV
I II I II I II I II
NV 82+ 77 33
Definition A.
HS 97 97
DS 5k 2+8 k5 6k
Definition
KN 89 97
RF 63 81
BF 60 k3 27 60
RT 93 87
FE 72 75 23
Percentage
Variance 30.9 36.2 13.9 13.6 12. k 13.3 11.5 10.0
12+
Factor I Factor II Factor III
I II I II I II
NV us 63 71 kk
Definition A
HS 69 23 25 72
DS 58 85 50 30
Definition B^
BF 76 6k 60
SD 27 85 72
RT 2k 91 90
FB Ik 61 30
TP 79 5k 1+8
Percentage
Variance kk.3 2+2.2 13.6 13.0 10.6 11.k
Decimal points omitted. Only loadings 
level of significance are shown.
higher than 0 .0 3
Table 11.1
Insert 11A
W i l l i  w  f ’ .Trf Ml i* .Ti V f  1 V V W A A / J I N g  A-J «1m7 V/JLI U — W V  V J t V U W
EXPERIMEAL GROUP- - TEST II
b±
(N=90)
ny HS DS KN RP BP SD SS RT PB TP
m 25 35 28 50 3h h3 22 52 38
HS — 22 2k
DS - 35 27 30 ho 39 27
KN 31
RP - 25 31 k5
BP - ■ 31 30 2k 27
SD - 2k
SS - 2k k5 32
RT - 28
PB - ho
TP •*-
12+*7" ■ » v
Tn =70)
NY 35 53 hi i+5 37 hh hi 26 k3 53
HS — 28 h2 31 39 33 39
DS - 28 33 2h 51 39
KN - 27 37 31 2k JibPT
RP - 37 h3 29 29 3k
BP - 39 35 3k 26
SD - 26 35 39
SS - ko 29 36
RT 2k
PB - 37
TP
Decimal points omitted* Only correlations 
higher than 0.05 level of significance shown
Table 11.2
Insert 11B
analyses.
It is immediately clear from Table 11.1 (insert 11A) that the 
percentage variance accounted for by Factor I reduces as the result of 
training at 12+ but increases at 8+. Factor I has already been 
associated in both age groups with the ability to code and logically 
process visually presented information and it may be argued therefore 
that whereas training encourages operational thinking e.g. the use of 
attributes at 8+, it stimulates other processes at 12+. Changes in the 
percentage variances accounted for by the other factors are too small 
to warrant any inference.
Examination of the factor loadings shows that two tests, NV and 3)S 
have substantial loadings by Factor I both before and after training in 
both age groups. Training produces a marked increase in the loadings 
on both tests at 12+ but apparently a slight opposite effect at 8+. Of 
the other tests with substantial loadings by Factor I in the 8+ age group, 
tests RP and FB show little change as the result of training; the loading 
on Test BF (the only three dimensional representation) disappears and is 
replaced by a Factor II loading. The same feature is to be found in the 
12+ age group. The other tests used for analysis in the 12+ age group 
all retain or acquire Factor I loadings following training - a feature 
which reinforces the view that operational thinking plays some part in 
the solution of visuo-spatial problems in conjunction with other 
processes.
In the case of Factor II, which appears in both age groups to be 
associated with perceptual discrimination, the only change resulting 
from training at 8+ is on Test BF to which reference has already been 
made. At 12+, Factor II loadings appear on Tests TP and BF but those 
on FB and DS disappear.
The remaining two factors extracted following Test I at 8+ are 
associated almost uniquely with tests HS and KN and a reversal in factor 
order of the Test II results in Table 11.1 would show that there was 
little change following training. The distinctive feature of Test HS 
seems to be the necessity to distinguish one shape whilst rejecting 
others; that of KN may be the use of imagery. There is no obvious 
explanation of the appearance of loadings by the same factor on 
Tests NV and BF following training. In the 12+ age group, Factor III 
may also be associated with the use of imagery. If so, training has 
the effects of replacing the use of imagery by the use of attributes 
in the case of Tests DS and FB and vice versa in the case of Test BF.
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A direct comparison between the age groups may now be made by using 
the correlation matrices of Test II scores in Table 11.2. The large 
unique variances implied by the small number of significant correlations 
occurring in tests KN, SD, RT and TP at 8+ is at once obvious but in the 
case of SD and TP must be attributed largely to unreliability. As already 
discussed, HS seems to present a quite distinctive test of a perceptual 
nature to 8 year olds but at 12 this is no longer the case and the test 
is solved by processes which are common to other tests in the group.
Test RT, on the other hand shows distinctive characteristics at both 
8+ and 12+ and th@se have already been associated with the use of mobile 
imagery. The obvious general inference to be drawn from a comparison of 
the two correlation matrices is the increase in communality from 8 to 
12 which is almost certainly associated with the ability, conscious or 
otherwise, to transfer coding systems from one set of stimuli to 
another. Although it is not inconceivable that perceptual or visualization 
ability can be transferred in the same way, the implications here are that, 
where such ability can be identified as in Tests KN, RT and HS, it seems 
to be unique to the test. Such communality between these and other tests 
which appears by the age of 12 does not result in a perceptual or 
visualization grouping but, rather implies the extension of logical 
coding systems.
Whilst it cannot be claimed that Hypothesis VI is substantiated, the 
age groups appear to be differentiated both by the effects of training on 
factor structure and by the general features of cognitive structure.
The extension of logical coding during the period 8 years to 12 years 
probably results from the adoption of common cognitive strategies as a 
result of school learning and might well be sensitive to curricular 
change.
Examination of Hypothesis VII
'That the performance of children aged 12+ on the battery 
of visuo-spatial tests is superior to that of children 
aged 8+.*
Table 11.3 (insert 11C) shows the mean test (i) and re-test (il) 
raw scores for both age groups on each of the comparable visuo-spatial 
tests.
The differences between the age groups at both test and re-test 
for each test with one exception, is significant at the 0.01 level using 
a t-test. (The exception is Score I for Test FB where the level of 
significance is 0.02).
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DIFFERENCES IN SCORES AND CHANGES IN SCORES 
FROM TEST (I) TO RETEST (II)
Maximum
Score in Biff. Biff. Change Biff,
brackets I 124/8+ II 12+/8+ I - II 12+/8+
BF
(10)
8+
12+
4.88
7.03
5.47
2.15**
7.70
1.23**
0.59
0.67
0.08 ns
8+ 4.27 5.21 0.94
HS 2.81}."* 3.70** 0.86*
(15) 12+ 7.11 8.91 1.80
8+ 5.18 7.98 2.80
DS 5.08** 6.16** -0.02nS
(17) +
CM
H
11.26 11+. Oil. 2.78
8+ 6.59 7.09 0 .5 0
RT 4.78** 8.52** k.7b'?*
(28) 12+ 11.37 16.61 5.24
8+ 2.87 4.22 1.35
FB 1.09* 3.95** I.86«
(18) 12+ 4.96 8.17 3.21
P 0.05 ns P 0.05
P 0.01
TABLE 11.3
Insert 11C
Given an age gap of 4 years, the hypothesis is obvious and it would 
be strange if the total scores did not provide support for it. However, 
marked differences between the age groups at re-testing on each test 
provide^ good evidence of development over the 8 - 13 age range of all 
the psychological processes involved in the exercise of visuo-spatial 
ability. It is obvious from the figures in Table 11.3 that the older 
children completed more items successfully than the younger ones; it 
is not possible to say whether the difference is simply a matter of 
speed or whether a qualitative change in performance is involved. Nor 
is it possible to determine whether or not bigger differences between 
scores represent greater development. These may arise from the length 
of the test or other features of its construction.
Examination of Hypothesis VIII
'That the capacity for processing visuo-spatial data is
greater at the age of 12+ than at the age of 8+.'
Performance on two of the tests to which criterion measurement was 
applied appears to depend to a considerable extent on the quantity and 
complexity of visual data in the stimulus.
Test HS
The criterion of difficulty which was established for this test in 
Chapter 10 and described there is the total number of lines in the item 
with additional weightings for lines which continue those in the embedded 
polygon and those which cross the embedded polygon. The particular 
difficulty which young children experience in dealing with lines which 
form part of alternative figures has' been the subject of comment by 
Ghent (1956). The weighted index of difficulty has been categorised as 
follows:
Category
A. Failed to solve two items with lO/ll elements.
B. Solved two items with lO/ll elements.
C. Solved two items with 12/15 elements.
D. Solved two items with 16/18 elements.
E. Solved two items with 20/23 elements.
P. Solved two items with 26 elements.
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TEST HS
PERCENTAGE OP CHILDREN IN EACH CATEGORY AT 
TEST (I) AND RE-TEST (il)
I II
A B C D E F A B c D E F
1 34 50 6 8 1 0 25 37 20 18 0
0 9 40 24 26 1 0 1 21 24 44 9
Table 11.4
The difference in both the pre and post test between the age groups 
(using grouped frequencies) is significant at the 0.01 level using Chi and 
seems to be accentuated by training. At retest 62% of the 8+ children were 
unable to solve items with more than 15 elements, whereas 53% of 'the 12+ 
children could deal with 20 elements or more. At the same time there is a 
large range of individual differences. Practice and training produce an 
average improvement in processing ability of about 4 elements at 8+ and 
5 elements at 12+.
Test DS
In this test a number of alternative boundaries have to be considered 
in arriving at a solution. However it is clear that, as in Test HS, the 
main determinant of difficulty is the amount of visual information which 
has to be held in mind when formulating a solution. The main elements are 
the total number of stimuli in the item plus the number of connections 
between the stimuli to be included in the shape. The latter is, in effect 
a measure of the amount of spatial activity required. The categories 
adopted are as follows:
Category
A. Failed to solve two items with 19 stimuli + connectors.
B. Solved two items with 19 stimuli + connectors.
C. Solved two items with 24 stimuli + connectors.
D. Solved two items with 29 stimuli + connectors.
E. Solved two items with 32 stimuli + connectors.
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TEST DS
PERCENTAGE OP CHILDREN IN EACH CATEGORY AT 
TEST (I) AND RETEST (il)
A B
I
C D E A B
II
C D E
32 32 14 19 2 16 14 17 33 20
3 7 9 41 40 1 4 3 14 77
Table 11.5
The difference in both the pre and post tests between the age groups 
(using grouped categories) is significant at the 0.01 level using Chi . 
Practice and training have a very marked effect in both age groups 
producing an average increase in processing capacity of about 10 stimuli 
+ connectors among the 8+ children. In the 12+ group the improvement may 
well be masked by shortage of headroom.
This evidence provides good support for Hypothesis VIII, the 
improvement between 8+ and 12+ in data processing capacity being very 
roughly 25%. It cannot be assumed however that the two tests are measuring 
quite the same processes. Reference to Table 9*3 will show that whereas
the improvement between test and retest on Test DS can be attributed to
practice, that on HS partly results from training. This difference may 
tentatively be explained by the ease with which the discrete data in 
Test DS can be coded whereas the possible groupings of lines into shapes 
used in Test HS is a .quite unfamiliar procedure.
Examination of Hypothesis IX
*That there is no difference, given appropriate experience,
between the ability to discriminate shapes at 8+ compared
with that at 12+.1
It appears that a study of performance on Test SS offers the best 
source of evidence related to this hypothesis.
Test SS
This test was originally included to give examples of projective 
transformations. The main criterion for success appears to be angular 
discrimination but this is confounded to some extent with the amount of 
information in the figure. It has already been suggested (see Chapter 10)
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that this may account for the rather low correlation at 8+ between 
facility values and the index of difficulty based on discrimination.
The categories adopted are as follows:
A. Fails to discriminate on three items among angles with up 
to 23.6% variation.
B. Discriminates on three items among angles with up to 23.6% variation.
C. Discriminates on three items among angles with up to 15*7% variation.
D. Discriminates on three items among angles with up to l.&/o variation.
E. Discriminates on three items among angles with up to 2.8% variation.
TEST SS
PERCENTAGE OF CHILDREN IN EACH CATEGORY 
AT TEST (I) AND RE-TEST (il)
1 Is j
! iA
1
B C D E A B
II
C D
:
E
1 8+i10 31 53 6 0 4 4 64 27 0
j 12+| 5 13 73 10 1 1 10 60 24 4
Table 11.6
2
The difference between the 8+ and 12+ groups, using Chi is significant 
at the 0.01 level for the test results (i) but is not significant at the 
re-test stage (il). As shown in Table 11.2 the training effects are quite 
small although they do reach the 0.05 level of significance. However, after 
training, there is practically no difference between the age groups in the 
extent to which they can discriminate. For the majority of children this 
amounts to 12% - 15% for a simple figure with a limit of about 3% f°r the' 
most acute discrimination.
The null hypothesis is supported by this evidence. The lack of develop­
ment between 8+ and 12+ accords with the findings of Gibson et al (1962) that 
errors of discrimination among letter like shapes were almost eliminated by 
the age of 8 years* Although learning plays a small part, maturational 
control seems to be of primary importance.
Examination of Hypothesis X
*That there is a qualitative difference between visuo-spatial 
ability at 8+ and that at 12+ which is associated with the 
appearance of mobile imagery.1
- I65 -
It has been suggested elsewhere in the thesis that Factor IV at 
Test I in the 8+ principal components analysis may be associated with 
the use of mobile imagery. Table 9*2 shows that the only test at 8+ 
loaded by it is KN. Test KN is not unlike the one which was carried
out successfully by children aged 4 and 5 (Lovell, 1959 and see
Table 6.7). It seems probable, therefore, that some mobile imagery, 
possibly limited to lines, may be available to children under the age 
of 8. However, for the purposes of this investigation, interest has 
centred on mobile imageiy applied to shapes and particularly to 
Test RT.
Test RT
The factorial composition of this test at 8+ is very different from
that at 12+ (see Table 9*2). Results for the younger children show a
strong loading by Factor II. At 12+ this has disappeared and there is
an equally strong loading by Factor III which seems to have an
association with mobile imagery. Problems were encountered in scoring 
and applying criteria to this test and these are described in Chapter 10.
In the event it proved impracticable to adopt a numerical scale; instead 
the following three categories have been used:
A. Rotations through 90° clockwise and 180°.
B. Rotations through 90° clockwise, 180° and up to 45° anti clockwise.
C. All rotations.
TEST RT
PERCENTAGE OF CHILDREN IN EACH CATEGORY AT 
TEST (I) AND RE-TEST (il)
I II
A B C A B C
5 60 36 4 74 22
5 55 40 3 30 67
Table 11.7
2TJsing the Chi test, the difference between the age groups at first 
test (i) stages does not reach the 0.05 level of significance. At retest 
(il) stage the 0.01 level is reached. The percentage figures for 8+ children 
in category C are suspect (see the appropriate section in Chapter 10) but 
there is no doubt that for this age group training produces very little 
improvement whereas the effect at 12+ is substantial (see also Fig. 11.2). 
However, the use of mobile imagery, (if this is the important determinant
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of performance at 12+) is not a simple function of training in visualization. 
The analysis of covariance for the Group C tests (RT and FB) at 12+ shows 
a significant difference in favour of the mixed treatment including both 
logical analysis and visualization. It should also be noted (Table 9,8) 
that although the 8+ children do not improve significantly on Test RT,
Classes 1 and 5 do make significant gains on Test KN and all three classes 
make significant gains on Test FB.
The interpretation of these findings requires a more complex statement 
than Hypothesis X. It is difficult to see how Test KN can be solved without 
the use of imagery and the fact that the two forms of training which used 
visualization (Classes 1 and 5) produce a significant improvement among the 
8+ children supports this view. It follows that mobile imagery applied to 
lines appears to be well developed in children aged 8. At the same time the 
evidence obtained about the use of mobile imagery applied to shapes from 
Test RT appears to conflict with that from Test FB although it should be 
noted that the scores of the 8+ children on both tests are very low (see 
Tables 9.8 and 11.2). One possible explanation is that at 12+ attributes 
e.g. matching line to line, apex to apex,are used in combination with mobile 
imagery for Test FB. 8+ children use attributes but not imagery. Consequently 
they make some progress with Test FB but not with Test RT where attributes 
are less useful and may even be confusing in the case of reflections.
It may be concluded, very tentatively, that Hypothesis X requires 
modification to refer to fmobile imagery of shapes.1 Thus reworded, it 
receives some support from the available evidence.
Examination of Hypothesis XI
•That there is no difference in the effect of training designed
to improve visuo-spatial ability over a fixed time span at 12+
compared with that at 8+.1
There is no way of ensuring that the training programmes used are 
equally appropriate to the respective age groups. At the same time, with 
three parallel classes at each level and different programmes, the 
possibility of bias to age range is reduced. The behaviour of the children 
is perhaps the best control on teaching style and content and there were 
only a few problems, largely confined to one of the 12+ classes.
Factorial changes resulting from training which differentiate the age 
groups have already been discussed in connection with Hypothesis VI. The 
general effect demonstrated is the adjustment of psychological process to 
task at 12+ to an extent which is not paralleled at 8+. This accords with
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the lack of significant difference in the effects of training 
represented by the 8+ E classes combined compared with the results of 
minimum practice in the R class (see the discussion of Hypothesis II in 
Chapter 3 and Table 9*4). Differences between the 12+ E classes combined 
and the R class are larger but not large enough to be significant at the 
0.05 level except in Group C where training seems to stimulate processes 
involved in the achievement of spatial transformations.
These differences are confirmed by examination of the test results 
comparable across age groups which are shown in the following table 
(see Table 11.3 for complete data).
DIFFERENCES IN CHANGES FROM TEST (i) TO RE-TEST (il)
Diff. BF HS DS RT , FB
8+>12+ 0.02
n s
12+ > 8+ 0.08 0.86 4.74 1.86
n s * * * * *
* P < 0.05 ** p 0.01.
Table 11.8
In general, the evidence available does not support the null hypothesis 
in respect of the differential effects of training between the 8+ and 12+ 
age groups. The main differences are (a) perceptual discrimination among 
alternative figures which seems to be the chief determinant of performance 
on Test HS and on which the improvement is slightly greater at 12+ than at 
8+ and (b) the processes required for the solution problems involving the 
manipulation of closed shapes as in Tests RT and FB. In this connection 
the principal process appears to involve mobile imagery and the use of 
criteria referencing suggests that this is the one on which the differential 
effects of training between the age groups are probably most marked. However, 
it is not the only process: operational thinking also plays a part and the 
experimental evidence indicates that it is the ability to integrate these 
processes which makes the largest contribution to performance.
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C H A P T E R  12
CONCLUSIONS
This thesis was designed to clarify the concept of visuo-spatial 
ability, to add to existing knowledge of the processes involved in the
exercise of it and to show how the ability develops during middle
childhood.
The Concept of Visuo-spatial Ability
At first sight it seems a curious circumstance that ’spatial ability’ 
has figured as a psychological construct for some fifty years without 
ever being defined. As a result psychologists who discuss the nature of 
spatial ability frequently appear to be talking to no one but themselves.
On the other hand, any attempt to establish a fully independent 
definition is bound to meet considerable problems for it raises the 
fundamental issues of the relationship of sense experience to external 
objects and of the relationship of sense experience to cognition in an
acute form. Unlike those cerebral activities which employ data in
symbolised form, visuo-spatial ability appears to be exercised in relation 
to data obtained directly from the visual field.
This characteristic of visuo-spatial ability led to the adoption of a 
representative theory of perception as the context for its definition in 
this thesis. Thereafter, the final definitions were reached mainly by 
induction from usage exemplified by Geography, Geometry, Chess and Art. 
Intellectual activities in these subjects were codified by means of Bloom’s 
Taxonomy and checked against figural tests used by Guilford and those 
which were published by Moray House and N.F.E.R. The following definitions 
of visuo-spatial ability were finally adopted :
A* The power to examine sense data, present in the visual field, for
information related to the situation in the field.
JB. The power to perform a visual transformation which can be defined
in terms of a geometry.
The phrase ’information related to the situation in the field' critically 
distinguishes spatial perception from perception which consists in the 
examination of data for the conceptual cues (attributes) which it offers. 
The implied distinction between the original sense data and the results 
of examining it is accommodated, as already mentioned, by a representative
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theory of perception such as that advanced by Smythies (1956).
Definition A implies continuity between the processes of immediate 
experience and those associated with inference and thought. This is a 
distinctive feature of spatial ability which exists because the data involved 
is isomorphic with the form of the sensed data instead of being assimilated 
to existing concepts. Consequently in this case it is difficult to make a 
clear cut theoretical distinction between perception and cognition. And 
this situation involves yet another problem of compatibility because the 
use of the term ’power' in both definitions implies some non-random, even 
if unconscious, activity. Indeed, the use of spatial ability is Geography, 
Geometry, Chess and Art would be inconceivable unless it were directed in 
some way. Yet the primitive organisation of perception which is fundamental 
to Gestalt theory must be highly influential where the forms involved in 
cognition are derived directly from sense data. In consequence, any attempt 
to formulate a theory of the relationship of perception and cognition based 
on the exercise of spatial ability would encounter the problem of 
distinguishing between intuitive and deliberative elements in responses, not 
only in early childhood but at full development. The problem is by no means 
resolved in this thesis although it is clear that some existing formulations 
such as those of Piaget (1969) and Gibson and Gibson (1955) are not appropriate 
to the case.
The examination of data present in the immediate visual field is not 
regarded as a necessary pre-condition for the performance of the visual trans­
formations which are the subject of Definition B. It seems probable that if 
imageiy is assumed to play a part in the transformation, the data on which the 
transformation is performed can be imagined. This presupposes the hypotheses 
that images can have spatial properties and that for an individual, they are 
in the same space as percepts.
This formulation, however, does not require the use of imagery as a 
necessary condition for Definition B type spatial ability. It is regarded 
as quite possible that a transformation could be carried out by other means 
or by a combination of imagery with other means whether or not the data were 
derived .from the immediate visual field or from imagery or from both sources 
combined.
The critical element in Definition B is the nature of the transformation 
for, if this is not defined, the products of spatial ability could not be 
distinguished from those arising from uncontrolled and indeed hallucinatory
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imagery. The position which has been adopted for the purpose of this 
thesis is to specify elements of the original data which must be preserved 
in the product of the transformation. However, it does not appear to be 
essential to restrict Definition B_ type spatial ability to transformations 
which preserve geometrical elements; other possibilities might involve the 
preservation of elements of light or colour.
In any case the mention of geometry in the definition is no more than a 
convenient way of limiting the transformations. It carries no pre-supposition 
about the way in which they are carried out. For it has been shown in 
Chapter 2 that geometry, being a system of logic, is independent of sense 
data, and can only be related to such data by the adoption of postulates.
In this instance geometry enables the number of possible products of trans­
formations to be defined; the process by which the transformation is 
performed is not defined.
The Exercise of Visuo-spatial Ability.
The examination of Hypothesis I in Chapter 9 has indicated a marked 
discontinuity between the theoretical definitions of visuo-spatial ability 
and the psychological processes which may be involved in the exercise of the 
ability. There appears to be no single process or group of processes which 
clearly distinguish Definition A activity from Definition 13 activity. (Although 
the 12+ children thought that Definition A tests required less visualization 
than the rest). Nor is there evidence for a process which clearly distinguishes 
visuo-spatial activity of both definitions from the exercise of the non-verbal 
logic required for the solution of the Culture Fair Test items. These findings 
are additional evidence in support of the conclusion reached at the end of 
Chapter I. If, on the other hand, the starting point is taken to be activities 
which fulfil Definition A and 13 it appears from the factor analyses that these 
require a combination of psychological processes.
The primary purpose of this thesis has been to investigate the 
psychological processes used by children of 8+ and 12+ in the working of test 
items which fulfil the definitions of visuo-spatial ability. Preliminary 
studies which were made of the models of intelligence constructed by Cattell 
and Piaget (see Chapter 4) indicated that, in relation to visuo-spatial 
ability, the processes of-visualization and operational cognition might be 
central and that attention should be given to the effects of learning and 
differences between the sexes. The factor analysis results indicated that
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the discrimination of visual details might also be important.
Separate experiments extending over seven weeks with 8+ and 12+ 
children were conducted, using training programmes designed to improve 
visuo-spatial ability by different methods: visualization, logical 
operations, an area of the school curriculum in which both visualization 
and operational thinking were required. The analysis of results showed 
that the curricular programme was superior (P = 0.03) in the 11+ age group 
for the whole group visuo-spatial tests and that the same finding was not 
far short of this level of significance in the 8+ age group (P = 0.06).
This differentiation in the effects of training did not characterise the 
Definition A tests to the same extent as those in the Definition B group 
which were designed as transformations. Within the latter group a 
significant differentiation (P = O.Ol) occurred on Tests RT and PB which 
the principal components analysis showed to be loaded by a factor tentatively 
associated with the manipulation of percepts, possibly through the use of 
mobile imagery. In all these cases, the curricular programme was shown to 
be superior to the.other two. The visualization programme produced the 
least improvement in performance overall in both age groups although at 
8+ in respect of the Definition B group of tests alone, it was superior 
to the operational thinking programme.
These findings can be considered in conjunction with the visualization 
ratings collected from the 12+ children which showed that those in the class 
which received the visualization programme considered visualization to be 
of less value in solving the visuo-spatial test items than was the case in 
the other classes. It is suggested, tentatively, that the amount of 
training required to obtain the maximum benefit from visualization is smaller 
than that provided in the programme and that the value of this form of 
cognition is limited when it is used in visuo-spatial activity independently 
of operational thinking.
There can be no doubt that at both 8+ and 12+ appropriate experience 
can bring about improvement in visuo-spatial test performance. Work by 
Yandenberg (1975) with twelve year olds and Olson (1970) with children 
as young as five has shown that such experience can be notational or 
non-notational. In the present study, improvement significant at the 
0.05 level was achieved through the curricular programme on all but two of 
the tests at 8+ and on all but one of the tests at 12+ (see Table 9*8)* 
However, a striking and unexpected finding is that only a small amount of 
experience is highly effective. Table 9«3 shows that in the fR* classes
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which received both test and retest but no teaching programme the 
improvement in raw scores was, in several cases, more than in the 
experimental classes. Inspection of the initial raw scores shows that 
these classes were not closely matched to the experimental groups. When 
Test I scores were treated as co-variates in an analysis of covariance of 
Test II using Z-scores there were no significant differences between the 
overall performance of the E classes combined and the R class at 8+ or at 
12+. In the latter age group, however, a significant difference in favour 
of the experimental group occurred on the Group C tests which require the 
manipulation of percepts. This finding, coupled with the superiority of 
the curricular programme for the Group C tests, suggests that at 12+ the 
element which is susceptible to training is not visualization alone nor 
operational thinking but the ability to combine them in the solution of 
spatial problems. The higher susceptibility of performance on the Group C 
tests to training is also consistent with Vandenberg's view that "tests 
which seem to require the ability to move things around in one's mind" have 
a lower hereditary component than other visuo-spatial tests. (Vandenberg 
1969 p. 289.)
One general conclusion to be drawn from the experimental findings is 
that whilst the term 'visuo-spatial ability' can be defined logically, it 
does not have a distinctive psychological implication. The multi-factorial 
composition revealed by the principal components anlyses both before and 
after training (see Table 11.l) tends to be confirmed by the experimental 
finding in favour of the curricular programme. There is evidence, however 
that the logical separation of visuo-spatial ability into Definition A and 
B types has some psychological implications. The Definition A tests were 
readily distinguished from the rest by the 12+ children in terms of the 
apparent contribution of visualization in the solution of them (Tables 
9.10 and 9.11). Also, performance on them seems to be comparatively 
impervious to improvement beyond a practice effect by any of the methods 
used for training.
The model of processes which begins to emerge appears to be closer to 
Cattell than to Piaget in the sense that operational thinking and 
visualization both appear to be essential agencies contributing to visuo- 
spatial ability. At the same time it looks as though visualization makes 
a smaller contribution than might be judged from appearances. Both processes 
have been shown to rest on basic perceptual skills such as the
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discrimination of angles and the ability to process spatial information 
in the form of lines and dots.
It is of interest that the sex difference in visuo-spatiability 
reported by many investigators has been found in this study to reach the 
0.05 level of significance in only one group of tests at 12+ and not at 
all at 8+. There is no significant difference between the sexes in the 
reported use of visualization and the sex difference may occur in the 
ability to combine serial and parallel processes in thinking.
The Development of Visuo-spatial Ability
The reservations which have to be attached to the use of cross-sectional 
studies of development were outlined at the beginning of Chapter 10 and some 
technical reasons for the selection of 8+ and 12+ as the two age levels in 
this study were given in Chapter 8.
One principal consideration in the choice of these ages for study was 
the limited psychometric evidence from Kelley (1928), Schiller (1933)>
Mellone (1944) and, more recently, Eycock (1969) Ward (l970a) of the 
appearance of a spatial factor in children aged between 7 and 9 years.
Numerous psychometric investigations give evidence of a spatial factor from 
about the age of 12 years so that rapid development of such a factor might 
be expected between the ages of 8 years and 12 years. The non-verbal 
Culture Fair Test of 'g' was included with the battery of visuo-spatial 
tests at both levels in order to provide a contrast to a spatial factor but 
as mentioned already, there is no evidence in this investigation of such a 
factor at either age level.
If visuo-spatial ability is defined by means of tasks it seems that 
improvement in performance during childhood rests on the development of a 
number of psychological processes which also underlie other abilities 
exercised in relation to visual stimuli.
It is a widely held view that spatial ability continued to develop until 
the middle or late 'teens. Certainly this study shows evidence of development 
over the period from ages 8 to 13 years. However, it also shows very large
practice effects which must cast doubt on conclusions reached in some other
studies about rates of development where the conclusion is based on the 
administration of tests only once.
The factor analyses of scores in each age group show one important factor 
accounting for 44*3% of 'the variance at 12+ and 3®»9% at 8+. This appears
to be related to the serial processing of information and the lower
percentage at 8+ compared with 12+ could be related either to a lower 
level of perceptual activity in the Piagetian sense or to a less extensive 
system of codes. Training increases the relative importance of this 
factor at 8+ but has a negligible effect at 12+ (42.2% at 12+, 36.2% at 
8+). The second factor extracted in each age group may be associated 
with perceptual discrimination and shows little or no change across the 
age groups or as the result of training (12+, 13.6%, 13.0% 8+, lj.9%, 
13.6%). The third factor extracted at 12+ appears to be associated with 
visual imagery whereas the third, fourth and later factors at 8+ largely 
reflect unique variance in the individual tests. This feature shows a 
small decline following training but remains a characteristic of the 
age group (see Table 11.^ ).
It appears that the evidence obtained from this study is consonant 
with a model of cognitive development which relies on a steady increase 
in information processing capability during childhood. Such an increase 
may result from development of perceptual span related directly to the 
amount of data immediately available in short term memory. Or it may be 
a function of the codes available for categorising the stimuli. Most 
probably the increase results from a combination of both functions.
' Evidence from the tests used in this investigation suggests that some 
contain material which is more susceptible to coding than others.
There is insufficient evidence to differentiate a code used in the 
visuo-spatial tests from one used in logical tests. A study of the 
test content however suggests that visuo-spatial tests are distinguished 
by the comparative inapplicability of coding. It is probably this 
feature which makes Test HS harder than Test DS and, arguably, a 'purer1 
visuo-spatial test. It is not easy to see how any code adopted for a 
spatial test could fail to employ attributes in the display such as 
size, inflections and complexity. If so, operational thinking is being 
employed.
It seems clear that an improvement of about 25% in information 
processing capacity takes place between 8+ and 12+. Whether this is 
due to the maturation of perception or to the acquisition of codes 
cannot be determined with certainty from the evidence available.
A second, although much less important, factor than information 
processing in the development of visuo-spatial ability is perceptual 
discrimination. Gibson et al (1962) found that children between 4 and 
8 years made considerably more errors in discriminating between the 
standard and a perspective transformation than with any other kind of
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transformation. The results of the current investigation demonstrate 
that success on a test such as SS which involves projective 
transformations mainly depends on the fine discrimination of angles.
Criterion referencing, however, shows that after practice there is no
significant difference in the ability of 8+ and 12+ children to
discriminate angles, the majority being able to discriminate a 
difference of 12% - 15% with about a quarter reaching the much more 
stringent level at 3% difference. It seems, therefore, that the 
maturation of the ability to discriminate angles may be complete by 
about the age of 8 years.
The third factor in development which this study has identified 
appears to be mobile imagery. It seems to be of minor importance in 
the working of the test material and at 8+ may characterise only 
test KN. The ability of many quite young children to solve simple 
problems involving knots was demonstrated by Lovell (1959) and it 
has been suggested that they find it comparatively easy to use 
imagery derived from a single line. The imaginal manipulation of 
shapes shows a marked development from 8+ to 12+; even at the latter 
age many children do not manage to recognise shapes rotated between 
45° and 180° anti-clockwise (see Table 11.6).
Evidence from this study casts doubt on the idea that the ability 
to manipulate shapes can rest wholly on imagery. This may be a 
strong personal impression for those who attempt to solve visuo- 
spatial problems as was the case with many of the 12 year old 
children but the experimental evidence suggests that improvement in 
performance comes through the integration of imaginal and logical 
processes. However, 12 year old children appear to benefit from 
appropriate experience in the use of mobile imagery applied to 
shapes whereas 8 year olds do not. One result of such experiences 
is in the extension of voluntary control over spatial elements in 
art such as balance and form.
The psychometric evidence from both sides of the Atlantic 
reviewed in Chapter 5 indicates that the rate of development of 
visuo-spatial ability has much diminished by the age of 13 and 
that individual differences established by that time are
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persistent and predictable thereafter. It seems, however, that 
following Fruchter (1954) and Myers (1957)5one needs to consider, 
not only the level of performance, but also the mode of performance 
and one aspect of this investigation has been to examine the 
importance of visualization, not only as a general process but for 
individuals. There is no doubt that activity involving spatial 
tests brings with it a strong impression of the need to use 
visualization. Taking the 12+ children as a single group, a 
majority felt that visualization was more important than other 
kinds of thinking in every test. However, there was marked 
discrimination among the tests, the two Definition A tests 
coming (as might be expected) at the bottom of the list (see 
Table 9*10)« The children were left in no doubt that what 
’visualization1 meant was ’seeing1 shapes being moved around or 
altered. This seems to be the same kind of activity which Michael 
(1954) and Cattell (1971) regard as important in the exercise of
spatial ability. But, as mentioned earlier it is of less
importance than the ability to deal with a visual display through
perception and, as far as possible, by coding it. At the same
time the use of visualization certainly helps. Table 9*15 shows 
that the group of children who claimed to use visualization most 
achieved higher scores on several tests in Classes 2 and 3* It 
seems that visualization during the age range under investigation 
is an ancillary process which enhances some central intellectual 
activity but is not a substitute for it.
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Educational Implications.
The general picture of the exercise of spatial ability by 12 year old 
children which emerges has simple elements in a variety of compositions.
The handling of some data in the visual field requires the fine discrimination 
of angles. Other data may be present in such quantity and complexity that 
success in handling it depends on the adoption of a code which may be ad hoc, 
e.g. attaching a label to a meaningless shape, or universal, e.g. recognising 
obtuse angles, numbering inflections. This is accompanied by the use of 
mobile imagery in problems which require it but the ability to use imagery 
at all rests on having the original data in a manageable form or on being 
able to code it into a manageable form. Although all the material of the 
tests which have been used in this investigation has been non-verbal, the 
instructions were verbal and it is quite likely that verbalising played some 
part in coding the spatial data.
The experimental findings show that the spatial ability of children in 
the 8 - 1 3  age range can be improved substantially not only by an appropriate 
teaching programme but also by a minimum of practice. They also show, though 
less conclusively, that a teaching programme, which uses conventional curriculum 
content appears to be more effective than special training either in visual­
ization or in logical thinking. It must, however, be borne in mind that the 
teaching programme was carried out with the intention of improving spatial 
ability and that ample opportunity was given for the visual examination and 
discussion of non-symbolic data including science apparatus for the 8+ 
children, pictures and maps for the 12+ children. It does seem that one 
important feature of the teaching in both age groups was the discussion of 
what was seen which enabled a distinction to be drawn between critical and 
non-critical elements. Another important feature was the application of the 
code thus formed to new situations so that it became generalised.
It is fairly clear that the low coefficients of correlation between 
initial results on spatial tests are partly the result of adventitious 
experience in the absence of teaching directed towards the improvement of 
spatial ability. No doubt the lack of common experience exaggerates individual 
differences both on single tests and among the components of a battery. 
Nevertheless, during the period from 8 - 1 3  years of age strong individual 
differences resistant to training are to be expected on those tests which
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depend on basic perceptual activities such as scanning and discrimination.
It seems that, if the findings of this thesis are accepted, the relation­
ship of spatial ability to the curriculum must be viewed in a new light. A
number of attempts have been made to show that spatial ability helps to 
determine performance in certain subjects of the curriculum e.g. Geography 
and Geometry (see the discussions under 'Geometry1 in Chapter 2 and at the 
end of Chapter 8). The underlying assumption has been that spatial ability 
is a unitary process and this is certainly not the case. Visuo-spatial 
ability, at any rate, involves at least three processes; all of which can be 
improved to varying extents by experience. Visuo-spatial ability will relate 
to a given subject to the extent that the teaching of the subject allows 
opportunity for exercise of the appropriate processes. Thus Geography taught 
as 'capes and bays’ and Geometry taught as deductive logic are unlikely to 
assist the performance of visuo-spatial ability or, indeed, to show any 
relation to it. On the other hand, the teaching of any subject which employs 
visual examination of shapes and objects, the manipulation of them both in 
reality and imaginally and the establishment of methods for visual discrimin­
ation, is likely to produce a rapid improvement in visuo-spatial performance.
The question which has not yet been answered is whether or not such an 
improvement would be generalised to other activities which have been shown in 
theory to use visuo-spatial ability e.g. Chess and Art. Examples of 'behaviours' 
to which such generalisation might take place are given in the Taxonomy outlined 
in Chapter 3.
Lines of Thought
Further work is required before trends in the development of visuo-spatial 
ability during middle childhood are firmly established. Because only small 
amounts of experience have a marked effect on performance it is probable that 
only longitudinal studies will provide properly comparable evidence.
It seems clear that the capacity to process non-symbolic information is 
an important determinant of performance so that a general measure of the 
information content in dots, lines and shapes would greatly enhance further 
study. Criteria of performance, analogous to thoseused by Pascual Leone (1970) 
for attribute processing might then be established.
However, the experimental findings of this thesis show that the ability 
of individuals to use spatial information can be improved through learning and 
that the most efficient type of learning in middle childhood appears to be one 
in which logical thinking is combined with experience in visualization. It is 
known through the work of Piaget that qualitative changes do take place in
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thinking during childhood and adolescence. One of these occurs at about 
the time when the full range of visuo-spatial activities, as defined, 
become observable and is characterised by the appearance of a limited 
ability to deal with attributes logically. As far as visualization is 
concerned only one qualitative change has been recognised in this study - 
that is the appearance of mobile imagery applied to shapes between the 
ages of 8 and 13.
Further work on the development of visuo-spatial ability must certainly 
involve the accurate measurement of quantitative changes e.g. in perceptual 
span. Of perhaps greater interest are first, the problem of describing the 
interaction between concrete operational thinking and visualization and, 
secondly the investigation of visuo-spatial ability in older children to 
see if there is development in the quality of performance which makes an 
approximate correspondence with formal operational thinking.
Empirical findings relevant to these areas of study are not numerous. 
The following examples are intended to indicate possible approaches. One 
possibility is to consider the idea of multiple spatial transformations. 
Attention has already been given in Chapter 4 to the difficulty experienced 
by older children and adults in the paper folding experiment as the number 
of folds increased (Piaget and Inhelder 1975 P* 223):
11-15 age group 
% success
2 folds 65
(1 hole)
2 folds 57
(2 holes)
3 folds 29
(2 holes)
3 folds 7
(4 holes)
Each fold can be taken as one transformation. It follows that a 
progression of difficulty can be worked out beginning with a single trans­
formation at about the age of 7, two transformations at about 9 and three in 
the 11-15 age range. Piaget*s own investigation of ability to draw a map 
of a model village (Piaget and Inhelder 1956, Chapter 14) could be interpreted 
in this way as requiring two transformations from the situation as perceived, 
one projective and one Euclidean. There are always large individual differ­
ences in the results of this exercise but most children of 12 achieve a 
satisfactory result. Another investigation which is of interest in this 
connection is that of the projection of shadows (inhelder and Piaget 195$» 
Chapter 13) in which children were asked to produce two shadows of the same
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size from a single light source by usings rings of different diameters.
In spatial terms this exercise involves the comparison of two projective 
transformations and was carried out successfully by children of about 10 
years of age although a verbal statement of the rule requires formal 
operational thinking and^as reported by Inhelder and Piaget^was only achieved 
by children of about 15,
Another kind of spatial activity which seems to be indicative of more 
advanced cognition is based on probability. Brunswik (1956) used this idea 
as the basis of much of his thinking about perception, contrasting its speed 
with the slower but more precise results obtained by reasoning. In a cross- 
sectional study of children from 8 to 14 years of age Heamon (1973) used a 
test requiring the selection of best, second best and worst correlations 
between two sets of abstract data (dots and shapes). The ability to under­
take this task subsumes the generalisation of the data. Only a moderate 
level of success was achieved by 12 year old children and that of 14 year olds 
was well below 100%, This study makes an interesting comparison with one 
reported by Inhelder and Piaget (1953 Chapter 15) of the induction of a 
relationship between two sets of data presented in card form. In that case 
a satisfactory solution was reached by subjects aged about 14 or 15 but 
Smedslund (1963) found that a similar problem was too hard for student nurses 
and concluded that 'the concept of correlation represents a rather late and 
complex development of formal reasoning1 (Smedslund, 1963 p, 173).
In the Introduction to this thesis awareness of a relationship in space 
was described as an experience of one of the great modes of human understanding. 
The exploration of surrounding space and body position within it is one of the 
fundamental tasks for the young child. Intellectual development allows the 
learning child to become free, to some extent of the surface appearance of 
the objects which surround him, to grasp their abstract properties and to 
impose a personal interpretation on his environment. But this is not to imply 
that concepts and logic are divorced from reality; their principal purpose in 
fully developed thought is to demonstrate efficiently the possibilities 
offered by the situation which exists. Similarly, fully developed imagery 
can be used to represent the possibilities of a future situation as well as 
the whole or part of the existing situation, or a past situation. It is a 
combination of both logic and imagery which enters into examination of the 
situation in the visual field and enables visual transformations to be 
performed.
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TRIAL TEST INSTRUCTIONS.
Write your name, school and whether girl or boy on the sheet on 
the front of the test.
Also, write your date of birth.
Put down your pencils and I will tell you what we are going to do.
The sheets you have been given have some new kinds of problems on them.
They are in sections and you have to stop where it tells you at the end of 
each section, or if you have not finished, when I tell you.
You will find some of the problems easy and some difficult. Nobody 
can expect to do them all. If you come to a question that you cannot 
answer fairly easily, do not spend time on it but go straight on to the 
next.
There is writing at the beginning of each section which I will read 
to you before you start the problems.
Are there any questions?
Turn to the first page HP (hold up)
Each of the patterns on this page contains one of the shapes A B C D E.
Can you see shape A in the first pattern (point out).
You have to draw a ring round the letter of the shape in each pattern.
The shapes are not turned round: they are in the patterns just as you
see them at the top.
Do not forget to turn over. Are you ready? START
9 minutes
STOP. Pencils down.
Now look at the next page CC (hold up)
The objects on the page are made of square bricks like A (point).
Some of the bricks cannot be seen because they are underneath the top ones.
Find out how many bricks are in each object and write the number 
underneath as it shows you in the example.
Although it says turn over at the bottom of the page, you stop there.
I 1
Are you ready? START
4 minutes
STOP. Pencils down.
Look at the next test on the back of the last one DS (hold up)
In each of these questions you have to draw a shape according to the 
instructions. The first one has been done for you.
In this one all the X s have to be inside the shape and all the 
0 s outside.
The instructions are different for each shape.
Are you ready? START
5 minutes
STOP. Pencils down.
Here is the next page RT (hold up)
When one, or more than one of the shapes in the row to the right of 
the line are turned round like this (demonstrate) they are the same as the 
shape to the left of the line.
Mark a cross on the shapes which can be made the same as the one to 
the left by turning them round. The first row has been marked for you.
Do not forget to turn over the page. Are you ready? START
6 minutes
STOP. Pencils down. Here is the next page FB (hold up)
Some of the pieces in each section can be put together to make the 
shape shown at the top of the column. The pieces can be turned round but 
not turned over.
The first section has been done for you (demonstrate) the big oblong 
goes across the middle and the two little oblongs are the ears.
You put crosses in the boxes underneath the pieces which make up 
the shape.
Do not forget to turn over. Are you ready? START
I 2
8 minutes
STOP. Pencils down. Here is the next page (hold up)
There are two tests on it. You stop after the first one.
Look at the drawings of pieces of string KH.
If you think that a knot would be left in the string when it is 
pulled tight, write YES under the drawing. If not, write NO. If you are 
not certain do not write anything. Do not guess - wrong answers will be 
subtracted.
Are you ready? START
3 minutes
STOP. Pencils down.
Look at the shape in the middle of the page TOP (hold up)
Without turning it over it can be bent into either of the other two 
shapes (Demonstrate with an elastic band)
Each of the shapes of the left hand side can be stretched and bent 
into two of the shapes on the right and you have to write the letters of 
the two shapes in the spaces provided. The first one has been done for you.
Are you ready? START
4 minutes
STOP. Pencils down. Turn over. RF
Each of the drawings to the left of the line would be the same as one
of those to the right if it were turned over like the pages of a book or 
reflected in a mirror. (Demonstrate with a card)
The first one has been done for you and you have to mark the others 
with a cross.
Are you ready? START
4 minutes
STOP. Pencils down. Turn to the next page. BF
The drawings below are of oblong blocks with part cut away. One of
the pieces from below the line will fit the part exactly to make it into a 
complete oblong block.
I 3
You have to write the letter of the piece which fits exactly in 
the space under the block. The first one has been done for you.
Although it says turn over at the bottom of the page you stop there.
Are you ready? START
4 minutes
STOP. Pencils down. Turn over. SD
Each of the shapes in the top half of this page could be cut out
and made into one of the models in the bottom half.
Write the letter of the model which could be made in the space by 
the shape. The first one has been done for you.
Are you ready? START
5 minutes
STOP. Pencils down. Turn to the next page. SS
Each of the drawings to the left of the line is the same shape
although a different size as one to the right (Demonstrate with a card).
The first one has been done for you and you have to mark the others 
with a cross in the same way.
Do not forget to turn over.
Are you ready? START
6 minutes
STOP. Pencils down.
Please check that your names are on the paper.
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TEST INSTRUCTIONS
Before Distribution.
Give own name.
I want to try out some new ideas which might be useful in school 
(and I shall be coming to talk to you about them for the next few weeks). 
Today I want you to try some new kinds of problems which are on these 
sheets (hold up). When I have given out the sheets, write your name, 
school and whether girl or boy on the front sheet. You only need pencils 
and rubbers.
After Distribution.
Have you all written your names? (check).
Put down your pencils and I will tell you what we are going to do.
The sheets you have been given have some new kinds of problems on them.
They are in sections and you have to stop where it tells you at the end of 
each section, or, if you have not finished, when I tell you. You will find 
some of the problems easy andsome difficult. Nobody can expect to do them 
all. If you come to a question that you cannot answer fairly easily, do not 
spend time on it but go straight on to the next. You can alter anything you 
do or cross it out. Be careful if you try to rub it out, because the 
printing can also be rubbed out.
I will explain what you have to do at the beginning of each section 
before you start the problems.
Are there any questions?
Look at the bottom of the front sheet (KN) (hold up)
Look at the drawings of pieces of string.
If you think that a knot would be left in the string when it is pulled
tight, write YES under the drawing. If no knot would be left, write NO.
If you are not certain, do not write anything. Do not guess - wrong answers
will be subtracted.
Are you ready? START
1-J- minutes
STOP. Pencils down. Turn over to the back (RF) (hold up)
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Look at the shape to the left of the line at the top (point out).
If it were turned over like the page of a book or reflected in a 
mirror it would be like one of those opposite to the right of the line. 
(Demonstrate with a card).
The first answer has been marked for you and you have to mark the
others with a cross in the same way.
Do you all understand? START
3 minutes
STOP. Pencils down. Turn to the next page (BF) (hold up).
The drawings above the line are of oblong blocks with part cut away.
One of the pieces from below the line will fit the part exactly to make it 
into a complete oblong block.
You have to write the letter of the piece which fits exactly where 
the part has been cut away. The first one has been done for you (demonstrate).
Are you ready? START
2*2 minutes
STOP. Pencils down. Turn over to the back (SD) (hold up)
Each of the shapes in the top half of this page could be cut out and
made into one of the models in the bottom half.
Write the letter of the model which could be made in the space by the
shape. The first one has been done for you.
Are you ready? START
2-2 minutes
STOP. Turn to the next page (HS) (hold up)
Each of the patterns on this page has one of the shapes A B O D E  
hidden in it. Can you see shape A in the first pattern? (point out).
You have to draw round the letter of the shape in each pattern, do you see
the ring drawn round A in the first one?
The shapes are not turned round: they are in the patterns just as you
see them at the top.
There are some more of these problems on the back of this sheet so do
I 20
not forget to turn over.
STOP. Pencils down.
3 minutes pause
Here is the next page (DS) (hold up)
In each of these questions you have to draw one shape - only one - 
according to the instructions. In the first one it says put all the X s 
inside the shape and all the O s outside and the shape has been drawn for you.
The instructions are different for each shape so make sure you read 
them carefully. Do not forget to turn over.
Are you ready? START
7-J minutes
STOP. Pencils down. Turn to the next page (SS) (hold up)
One of the drawings to the right of the line is the same shape
although a different size as one to the right. (Demonstrate with a card).
The first one has been done for you and you have to mark the others with a 
cross in the same way.
There are more of these questions on the back and on the next page - 
3 sides altogether.
Are you ready? START
3 minutes
STOP. Pencils down. Turn over to the back (RT) (hold up)
Look at the shape to the left of the line at the top. (hold up a card).
When the card is turned round you can see it is just the same as two of the
shapes to the right of the line (demonstrate). That is why the two shapes 
have been marked with a cross.
You have to mark the shapes on each line which are the same as the one 
on the left when it is turned round. There are not always two. Do not guess. 
Wrong answers will be subtracted.
Are you ready? START
3 minutes
STOP. Pencils down. Turn to the next page (FB) (hold up)
This is a kind of jigsaw. Some of the pieces in each section can be
I 21
put together to make the shape shown at the top of the column.
The first section has been done for you (demonstrate with a card).
One big piece goes at the top left and the other big piece has to be turned 
round and goes on the bottom right.
You put crosses in the boxes underneath the pieces which make the shape.
The pieces have to be turned round but they are never turned over.
Do not forget to turn over.
Are you ready? START
4y  minutes
STOP. Pencils down. Turn to the next page (TP) (hold up)
Look at the shape at the top of the page on the left. Without turning 
it over it can be bent and stretched into either of the other two shapes at 
the top (demonstrate with an elastic band).
Each of the shapes on the left hand side can be stretched and bent 
into two of the shapes on the right and you have to write the letters of the 
two shapes in the spaces provided. The first one has been done for you.
Are you ready? START
3 minutes
STOP. Pencils down.
Please check that your names are on the paper.
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TEST INSTRUCTIONS
Variations at Retest.
Before Distribution.
We are going to repeat the tests which I gave you a few weeks ago.
When I have given out the sheets, write your name, class and whether 
boy or girl on the front sheet. You only need pencils and rubbers.
(12 plus only Also, write your name and form on another single 
sheet which you will be given and keep it ready to use while the 
tests are going on. You will need it to record some information 
after each test).
After Distribution.
Have you all written your names?
(12 plus only on both sheets? Please look at the single sheet 
you have been given. At the end of each test choose the sentence 
which best describes how you worked out the answers and write the 
number of the sentence by the code letters for the test. If you 
have time to add any more information about how you thought the 
answer out, add it on the same line).
The test sheets are in sections. Remember to stop where it tells you 
at the end of each section or, if you have not finished, when I tell you.
After each test (12 plus only. Choose the number of the sentence which 
best fits what you have been doing and write it opposite KN).
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SCORING KEY.
6
Page 1A TEST KN
No
No
Page IB
Line
2
3
4
5
6
Page 2A 
(G )
Page 2B 
(G ) 
E 
A
Page 3A
Page 3B
Yes Yes No No
Yes Yes No Yes
TEST RF
Line
Item 3 7 Item 4
5 8 5
3 9 3
3 10 3
4 11 2
12 1
TEST BF
c E H Q
R D N
TEST SD
L F
K D
H C
TEST HS
;a ) B
D B
E A
C A
E 
C
- II-l -
Page 5A TEST SS
Page 5B
Page 5C
Line Item
2 3
3 1
4 2
5 2
1 5
2 3
3 5
4 3
5 2
6 1
Page 6B TEST RT
Line Items
2 1, 2, 4
3 1, 3, 5
4 1, 4
5 1, 2, 4
6 2, 3, 5
7 1, 2, 4
8 2, 5, 6
9 1, 3, 4, 5, 6
10 1, 3, 6
- II-2 -
Page 7A TEST FB
Line Items Items
2 1 , 2 , 4 4, 2
3 1 , 2, 4 1 , 2 , 4
4 1 , 3, 4 2 , 3, 4
5 4, 2 , 4 1 , 3, 4
7B
1 4, 2 , 5 1 , 2 , 3, 4
2 1 , 3, 4 1 , 2 , 3.
3 1 , 2 , 3, 4, 5 1 , 5
4 2 , 3, 4, 5 4, 2 , 3, 5
5 4, 3, 4, 5 4, 2 , 3, 4,
Page 8 TEST TP
(E, 0) G, N
D, A J, P
C, K Q, F
H, S M, R
L. B
- II-3 -
A P P E N D I X III
Correlation Coefficients^ Test Cl) and Test (il) 
Means and Standard
Deviations for Test (I) and Retest (II)
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8+ TEST (I) RETEST (II)
Class 1 Boys Girls B and G Boys Girls B and G
N = 10 N = 22 N = 32 N = 10 N = 22 N = 32
Mean 5.00 3.14 3.72 5.90 5.14 5.38
KN
SD 3.27 2.81
Mean 3.50 3.72 3.66 6.10 6.27 6.22
RF
SD 3.20 2.06
Mean 4.40 5.23 4.97 4.80 5.23 5.09
BF
SD 1.86 1.69
Mean 1.30 1.59 1.50 1.30 1.59 1.50
SD
SD 1.02 1.27
Mean 4.10 4.41 4.31 4.40 5.82 5.38
HS
SD 1.55 2.89
Mean 4.50 5.05 4.88 7.90 8* 59 8.38
DS
SD 2.70 4.26
Mean 5.50 5.36 5.41 5.70 7.14 6.69
SS
SD 1.86 2.39
Mean 4.70 6.64 6.03 3.90 6.86 5.94
RT
SD 4.37 4.17
Mean 2.20 3.14 2.84 4.00 4.59 4.41
FB
SD 2.10 2.84
Mean 1.70 3.09 2.66 2.40 4.55 3.88
TP
SD 2.12 2.81
Ill 3.
8+ TEST (I) RETEST (II)
Class 1 Boys 
N = 10
Girls 
N = 22
B and G 
N = 32
Boys 
N = 10
Girls 
N = 22
B and G 
N = 32
Mean 26.90 41.36 39.97 46.40 55.77 52.84
TOTAL
SD
9.11 11.50 10.87 13.24 16.31 15.83
Culture
Mean 19.10 21.68 20.88 24.40 26.09 25.56
Fair SD 6.94 4.90 5.63 6.26 6.12 6.11
8+ TEST (I) RETEST (II)
Class 2 Boys Girls B and G Boys Girls B and G
N = 18 N = 13 N = 31 N = 18 N = 13 N = 31
Mean 3.22 2.38 2.87 4.11 4.92 4.45
KN
SD 2.14 3.17
Mean 2.28 3.31 2.71 5.67 5.62 5.65
RF
SD 2.36 2.39
Mean 5.44 5.00 5.26 5.06 4.54 4.84
BF
SD 1.61 1.86
Mean 1.83 1.54 1.71 3.22 2.62 2.97
SD
SD 1.35 1.54
Mean 4.61 4.31 4.48 5.33 4.08 4.80
HS
SD 1.55 2.17
Mean 6.33 3.77 5.26 9.17 6.54 8.06
DS
SD 2.92 3.83
Mean 5.06 4.38 4.77 6.94 6.23 6.65
SS
SD 1.48 1.94
III 4
84- TEST (I) RETEST (II)
Class 2 Boys 
N = 18
Girls 
N = 13
B and G 
N = 31
Boys 
N = 18
Girls 
N = 13
B and G 
N = 31
Mean 7.89 6.08 7.13 8,67 6.15 7.61
RT
SD 5.43 6.16
Mean 3.83 2.08 3.10 5.00 3.77 4.48
FB
SD 2.64 2.68
Mean 2.94 2.23 2.65 3.00 3.62 3.26
TP
SD 2.11 2.31
Mean 43.44 35-. 08 39.94 56.17 48.08 52.77
TOTAL
SD 13.43 10.13 12.68 15.94 15.28 15.93
Mean 20.67 17.08 19.16 23.39 23.08 23.26
Culture
Fair
SD 7.84 7.18 7.66 5.43 7.97 6.49
8+ TEST (I) RETEST (II)
Class 3 Boys Girls B and G Boys Girls B and G
N = 16 N = 11 N = 27 N = 16 N = 11 N = 27
Mean 3.19 2.45 2.89 5.25 5.27 5.26
KN
SD 2.34 2.55
Mean 4.19 4.27 4.22 6.06 5.09 5.67
RF
SD 2.62 2.62
Mean 4.44 4.18 4.33 7.13 5.91 6.63
BF
SD 1.62 1.57
III 5
8+ TEST (I) RETEST (II)
Class 3 Boys 
N = 16
Girls 
N = 11
B and G 
N = 27
Boys 
N = 16
Girls 
N = 11
B and G 
N = 27
Mean 1.94 1.45 1.74 2.75 2.55 2.67
SD
SD 1.51 1.84
Mean 4.13 3.73 3.96 5.63 5.27 5.48
HS
SD 1.51 1.85
Mean 5.56 5.27 5.44 8.44 5.91 7.41
DS
SD 3.30 4.18
Mean 5.13 4.18 4.74 5.94 6.27 6.07
SS
SD 2.41 2.83
Mean 7.25 5.73 6.63 9.63 5.27 7.85
RT
SD 5.52 7.46
Mean 2.69 2.55 2.63 4.00 3.27 3.70
FB
SD 2.47 2.61
Mean 2.88 2.00 2.52 3.88 4.00 . 3.93
TP
SD 2.08 2.54
Mean 41.38 35.82 39.11 58.69 48.82 54.67
TOTAL SD 9.05 11.70 10.38 17.16 16.24 17.19
Mean 19.38 19.18 19.30 23.69 24.18 23. 89
Culture
Fair
SD 6.25 6.15 6.09 7.95 8.16 7.88
Ill 6
8+
Classes 
1, 2 & 3 
Combined
Boys 
N = 44
TEST (I)
Girls 
N = 46
B and G 
N = 90
Boys 
N = 44
RETEST (II)
Girls 
N = 46
B and G 
N = 90
Mean 3.61 2.76 3.18 4.93 5.11 5.02
KN
SD 2.65 2.87
Mean 3.25 3.74 3.50 5.90 5.80 5.86
RF
SD 2.80 2.34
Mean 4.84 4.91 4.88 5.75 5.20 5.47
BF
SD 1.73 1.87
Mean 1.75 1.54 1.64 2.61 ' 2.10 2.36
SD
SD 1.28 1.66
Mean 4.32 4.22 4.27 5.22 5.20 5.21
HS
SD 1.54 2.36
Mean 5.64 4.74 5.18 8.61 7.37 7.98
DS
SD 2.94 4.07
Mean 5.18 4.80 4.99 6.29 6.67 6.49
SS
SD 1.93 2.38
Mean 6.93 6.26 6.59 7.93 6.28 7.09
RT
SD 5.07 5.99
Mean 3.05 2.69 2.87 4.40 4.04 4.22
FB
SD 2.39 2.71
Ill 7
8+
Classes 
1, 2 & 3 
Combined
Boys 
N = 44
TEST (I)
Girls 
N = 46 .
B and G 
N = 90
Boys 
N = 44
RETEST (XI)
Girls 
N = 46
B and G 
N = 90
Mean 2.64 2.58 2.61 3.18 4.15 3.68
TP
SD 2.08 2.56
Mean 
TOTAL :
41.-20 38.26 39.70 54.86 51.93 53.37
SD 11.12 11.34 11.27 16.20 16.09 16.12
Mean 19.84 19.78 19.81 23.23 24.78 24.02
Culture
Fair
SD 6.96 6.18 6.50 8.13 * 7.14 7.63
84-
Class R ' Boys 
N = 1 6
Girls 
N = 14
B and G 
N = 30
Boys 
N = 16
Girls 
N = 14
B and G 
N = 30
KN 4.37 6.07 5.16
2.81
6.00 6.50 ' 6.23
2.60
RF 7.56 6.21 6.93 8.44 6.79 7.67
2.27 2.08
BF 6.06 4.50 5.33
1.87
7; 31 5.07"' 6*27
2.03
SD 3.18 2.43 2.83
1.47
3.56 3.64 3.60
2.03
HS 4.44 5.00 4.70
2.09
5.63 4.00 4.87
2.21
DS 6.00 6.57 6.27
3.44
9.05 11.07 10.00
4.21
SS 6.75 5.93 6.37
1.79
6.63 6.43 6,53
1.76
Ill 8
8+
Class R Boys 
N = 16
Girls 
N = 14
B and G 
M = 30
Boys 
N = 16
Girls 
N = 14
B and G 
N = 30
R T 10.44 8.79 9.67 12.31 8.71 10.97
6.18 7.77
FB- 3.75 2.36 3.10 3.94 3.93 3.93
1.99 2.68
TP 2.81 2.93 2.87
1.64
6.68 - 4.93 5 . 5 5
2.01
Mean
TOTAL
55.38 50.78 53.23 .69.56 61.07 65.60
SO 15.26 10.70 12.17 10.16 , 5.94 15.17
Ill 9
12+ TEST (I) RETEST (II)
Class 1 Boys Girls B and G Boys Girls B and G
N = 12 N = 9 N = 21 N = 12 N = 9 N = 21
Mean 7.33 5.78 6.67 8.83 8.00 ‘8.48
KN
SD 3.12 2.36
Mean 7.75 7.67 7.71 9.08 8.33 8.76
RF
SD 2.63 2.26
Mean 7.75 7.56 7.67 8.50 6.67 7.71
BF
SD 2.20 2.10
Mean 6.00 5.00 5.57 6.92 6.44 6.71
SD
SD 2.13 1.65
Mean 7.50 6.22 6.95 8.58 7.33 8.05
HS
SD 3.19 4.17
Mean 10.92 10.67 10.81 13.33 13.33 13.33
DS •
DS 3.71 4.05
Mean 6.92 5.44 6.29 8.58 8.44 8.52
SS
SD 2.33 2.02
Mean 17.33 7.44 13.10 19.33 8,33 14.62
RT
SD 8.54 10.87
Mean 4.33 5.00 4.62 8.00 7.78 7.90
FB
SD 2.38 3.36
Mean 10.42 10.67 10.52 12.08 11.22 11.71
TP
SD 4.30 3.87
Ill 10
12+ TEST (I) RETEST (II)
Class 1 Boys 
N = 12
Girls 
N = 9
B and G 
N = 21
Boys 
N = 12
Girls 
N = 9
B and G 
N = 21
Mean 86.25 71.44 79.90 103.25 85.89 95.81
TOTAL
SD 18.19 19.43 19.73 23.02 20.76 23.27
Mean 31.25 28.33 30.00 34.58 33.67 34.19
Culture
Fair
SD 5.91 7.14 6.47 4.21 5.24 4.58
12+ TEST (I) RETEST (II)
Class 2 Boys 
N = 12
Girls 
N = 10
B and G 
N = 22
Boys 
N = 12
Girls 
N = 10
B and G 
N = 22
Mean 6.67 5.60 6.18 6.50 7.40 6.91
KN
SD 3.31 3.58
Mean 7.25 7.30 7.27 8.33 9.00 8.64
RF
SD 2.14 1.65
Mean 6.33 6.30 6.32 7.75 7.60 7.68
BF
SD 2.23 1.49
Mean 5.58 4.80 5.23 6.50 6.00 6.27
SD
SD 2.18 1.86
Mean 6.25 6.40 6.32 8.83 8.10 8.50
HS
SD 1.55 2.22
Mean 9.83 10.40 10.09 12.92 13.90 13.36
DS
SD 3.94 3.86
Ill 11
12+ TEST (I) RETEST (II)
Class 2 Boys 
N = 12
Girls 
N = 10
B and G 
N = 22
Boys 
N = 12
Girls 
N = 10
B and G 
N = 22
Mean 6.92 5.70 6.36 7.25 7.10 7.18
SS
SD 2.54 2.86
Mean 14.25 11.50 13.00 18.58 16.60 17.68
RT
SD 7.95 7.88
Mean 4.17 4.50 4.32 6.67 6.10 6.86
FB
SD 3.64 3.63
Mean 7.83 7.70 7.77 9.25 10.20 9.68
TP
SD 3.21 3.64
Mean 75.08 70.20 72.86 92.58 92.00 92.32
TOTAL
SD 18.50 24.87 21.23 18.74 19.54 18.22
Mean 27.33 28.70 27.95 31.75 31.30 31.55
Culture
Fair
SD 6.32 5.64 5.92 5.33 6.62 5.80
12+ TEST (I) RETEST (II)
Class 3 Boys Girls B and G Boys Girls B and G
N = 10 N = 17 N = 27 N = 10 N = 17 N = 27
Mean 7.80 4.64 5.81 8.20 8.24 8.22
KN
SD 3.68 2.62
Mean 9.00 8.18 8.48 9.60 8.76 9.07
RF
SD 2.05 1.54
Ill 12
Class 3 Boys 
N = 10
Girls 
N = 17
B and G 
N = 27
Boys 
N = 10
Girls 
N = 17
B and G 
N = 27
Mean 7.30 7.00 7.11 7.90 7.59 7.70
BF
SD 2.24 2.25
Mean 7.20 5.29 6.00 8.00 6.53 7.07
SD
SD 2.32 1.41
Mean 8.00 7.82 7.89 9.70 10.06 9.93
HS
SD 3.24 2.77
Mean 11.90 12.94 12.56 14.80 15.35 15.15
DS
SD 3.00 2.35
Mean 7.50 7.29 7.37 8.90 9.12 9.04
SS
SD 1.55 2.72
Mean 8.00 9.12 8.85 16.90 17.53 17.30
RT
SD 7.97 8.20
Mean 5.80 5.71 5.74 11.70 8.71 9.81
FB
SD 3.16 3.04
Mean 11.70 13.00 12.52 12.30 13.88 13.30
TP
SD 3.13 3.31
Mean 84.20 81.00 82.19 108.00 105.77 106.59
TOTAL
SD 18.81 19.35 18.85 18.42 20.13 19.18
Mean 32.80 31.12 31.74 34.40 33.06 33.56
Culture
Fair
SD 4.96 5.04 4.98 4.62 4.62 4.58
Ill 13
12+
Classes 
1, 2 & 3 
Combined
Boys 
N = 34
TEST (I)
Girls 
N = 36
B and G 
N = 70
Boys 
N = 34
RETEST (II)
Girls 
N = 36
B and G 
N = 70
KN
7.24 5.19 6.19
3.38
7.82 7.94 7.89
2.93
RF
7.94 7.81 7.87
2.29
8.97 8.72 8.84
1.80
BF
7.11 6.94 7.03
2.26
8.06 7.36 7.70
1.97
SD
6.21 5.08 5.63
2.21
7.09 6.36 6.71 . 
1.64
HS
7.21 7.03 7.11
2.84
9.00 ,8.83 8.91
3.18
DS
10.82 11.67 11.26
3.64
13.62 14.44 14.04
3.49
SS
7.09 6.38 6.73
2.17
8.21 8.39 8.30
2.66
RT
13.50 9.36 11.37
8.28
18.35 14.97 16.61
8.96
FB
4.71 5.19 4.96
3.14
8.62 7.75 8.17
3.52
TP
9.88 10.94 10.43
4.02
11.15 12.19 11.69
3.86
81.71 75.61 79.29 100.88 96.97 98.86
TOTAL 18.60 21.06 16.90 20.70 21.40 21.06
Culture 30.32 29.89 30.10 33.53 32.75 33.12
fair 6.09 4.97 5.50 4.72 4.94 4.95
Ill 14
±^+ \ JL y
Class R Boys Girls B and G Boys Girls B and G
■N = 13 N = 14 N = 27 N = 13 N = 14 N = 27
KN
6.62 5.21 5.89
3.88
6.85 7.14 7.00
2.86
RF
8.15 6.71 7-49
2.99
7.31 8.07 7.70
2.92
BE
6.85 5.64 6.19
2.00
6.92 6.93 6.93
2.32
SD
4.38 3.64 4.00 
2.39 .
5.00 5.14 -5.07
2.62
HS
6.69 5.36 6.00
2.09
9.23 7.86 8.52
2.65
DS
8.31 10.00 9.19 / 
4.32
12.30 14.50 13.44
3.95
SS .
6.62 5.50 6.04
2.36
7.31 6.21 6.74
2.51
RT
16.77 10.50 13.48
7.00
18.00 15.00 16.44
7.65
FB
-4.69 4.50 4.59
3.26
7.00 . 6.07 6.52
3.55
TP
4.92 6.43 5.70 ‘ 
3.33
7.08 8.64 7.89
3.88
TOTAL
74.00
13.89
63.50 
' 19.51
68.56
18.92
87.00
27.48
85.57
23.79
86.26
25.14
III 15
A P P E N D I X  IV
Indices of Difficulty (I.D 
and Faqility Values (F.V.) 
Criterion Referenced Tests.
)
for
ID = Index of Difficulty (as described in text)
FV = Facility Value (percentage of children giving 
correct answer 8+/12+
Page 3A TEST HS
ID 10 ID 12
FV 97/96 FV 90/100
ID 12 ID 15 ID 14
FV 57/85 FV 40/33 FV 57/85
ID 15 ID 13 ID 16
FV 16/70 FV 30/67 FV 7/33
3B
ID 17 ID 19 ID 18
FV 20/52 FV 16/48 FV 20/63
ID 21 ID 20
FV 3/33 FV 10/19
ID 25 ID 22
FV 10/30 FV 13/41
4A TEST DS Page 4B
ID 19 ID 32
FV 28/27 FV 11/19
ID 13 ID 24 ID 19 ID 32
FV 30/26 FV 21/22 FV 19/23 FV 6/16
ID 12 ID 24 ID 24 ID 31
FV 30/27 FV 15/19 FV 15/25 FV 8/18
ID 19 ID 29 ID 29
FV 27/25 FV 20/21 FV 6/15
ID 16 ID 29 ID 30 ID 32
FV 29/24 FV 17/17 FV 14/24 FV 4/14
IV 1
TEST SS
Page 5A 
Line
2 ID 1.1%
FV 33/41
3 ID 11.7%
FV 76/41
ID 7.8% 
FV 47/37
ID 15.7% 
FV 63/70
Page 5B 
Line
1 ID * 22.2% 
FV 46/47
2 ID 19.3%
FV 46/59
3 ID 20.6%
FV 80/85
4 ID 13.5%
FV 40/63
ID 23.6% 
FV 60/56
ID 14.0% 
FV 33/48
Page 6B 
Line
FV
FV
FV
TEST RT
ID C ID B
2 1 2
FV H-lJS6! FV *731%
ID B ID A
3 1 3
ID A ID B
4 1 4
ID B ID A
5 1 2
67 Jin- FV 77Jgj
ID B ID C
6 2 3
FV 67 /£ST FV ^ 3 ^ 7 0
Page 6A 
Line
1 ID 
FV
2 ID 
FV
3 ID 
FV
4 ID 
FV
5 ID 
FV
ID B
4
pv 7 3/g<?
ID A
5
FV 77/&S'
ID B
4
f v 6fc/gS"
ID B
5
FV 67/74-
5.5%
20/22
13.3%
26/48
1.6%
23/15
2.8%
10/0
3.3% : 
43/30
IV 2
TEST RT
Page 6B 
Line
ID C ID B ID B
FV so/67 FV iT31 %  I FV 47 y
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Examples of Lessons 
Class 3 8+ group
Class 3 12+ group
Lesson for Class 5. 8+ group
(40 minutes, 1st March 1973*)
The lesson began by a class discussion of the weather observations 
which one group of 6 children had recorded on a wall chart during the 
previous week. The chart comprised observation of temperature at 1 p.m., 
wind direction and force, weather e.g. sun, cloud cover and cloud types. 
The discussion was designed, primarily to facilitate the conversion of 
what was seen into verbal form. This process had two aspects: the 
description of the observed weather for a given day and the revival 
in imagination for the children of the actual conditions summarised in 
the observation.
The lesson continued with the examination of some soil in a glass 
jar showing layer of decaying leaves on the surface and small lumps of 
stone at the lowest level. This involved little or no new learning 
but was with open questioning e.g. 'What can you see?* supplemented by 
prompting e.g. 'What colour is this layer* in such a way that children 
were encouraged to be articulate. In terms of the use of language 
this could be regarded as a 'warm up' session for what followed.
At this point the class divided into two sections. Two groups each 
of six children conducted a series of experiments with levers, spring 
balances measured in Newtons and various labelled weights. One of the 
work cards which they used is reproduced here:
Copy the sentences below into your books and complete them.
Lever of the Second Class 
The weight we used was ........ gms
To lift it without the lever required a
force o f ....... Newtons
To lift it with the lever -
At position A the force required is 
....... Newtons
At position B the force required is 
......  Newtons
If you have time do the experiment again with a different weight.
V 1
The remainder of the class watched demonstrations of the use of a 
block and tackle showing (a) the ratio of the length of string pulled 
to the distance moved by the weight and (b) the ratio of the weight to 
the force required. The demonstrations were recorded in the form of 
labelled diagrams. It was assumed that the construction of these 
would require the use of reproductive imagery.
Lesson for Class 5. 12+ group
(40 minutes, 23rd February 1973*)
The preceding lesson had centred on the discussion of a specially 
painted picture of rural landscape in the interior of Queensland 
including such features as bore holes, Mitchell grass, Spinifex and 
hybrid cattle.
Lesson 4 required the association of a map with part of the area 
shown in the picture. The map was partly drawn on the blackboard 
but the main exercise of the lesson for the class was to use some of 
the visual information contained in the picture to complete the map.
The children were then expected to write an explanatory key of the 
information contained on the map. This exercise requires a projective 
transformation. It was accompanied by some discussion of features in 
the picture e.g. the distribution of Spinifex involving simple logical 
deduction and this provided the basis of explanation required in the 
key.
The remainder of the lesson was occupied by individual work on 
different regions of Australia. Each child had a pamphlet giving 
information about a given area so that only two or three were working 
on the same content. The questions were however the same whatever 
the region. Examples are given below.
2. Draw graphs of rainfall (in inches) and temperature 
(°C) for one place in your area. Use the chart 
provided.
3. Compare your graphs with those for London and 
explain them as far as you can.
4. Describe the rocks and relief in your area.
Use a map or section if it helps.
Exercises such as these involve the translation of spatial material 
into verbal form, together with some deduction. The thought processes 
involved appear to be directly comparable with those required for the 
experimental work in the 8+ class.
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